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TAGLIABUE 


RECORDERS Chart Changing fi 


From the mad molecular dance at a thou- 
sand degrees to the killing cold of three 
hundred below, TAGliabue Recorders 
faithfully chart changing temperatures for 
future reference. Whether your require- 
ments are for a sensitive instrument span- 
ning but a few degrees .. . for a model 
built for one temperature extreme or the 
other ... or for a conventional instrument 
that’s adaptable to myriad industrial ap- 
plications—you will find a TAG Tempera- 
ture Recorder that meets your every need. 

And in all TAG Recorders you can count 
on the same simple, sound design . . . the 
same sturdy construction ... that have long 
kept TAGliabue leaders in temperature in- 
strumentation. 

Feel free to call on your TAG Repre- 
sentative for assistance in applying these 
modern instruments to your processes. 
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Weston Electrical Instrument Corporation 
614 Frelinghuysen Avenue, Newark 5, New Jersey 
~~ 








Dielectric Moisture Meter 
Checks Various Material 


Moisture content of finely powdered 
atively dry, or coarse and oily mate 
is determined in less than two minut 
with the versatile Model 8007 Dielectric 
Moisture Meter developed by TAGliabue 
Instruments Div., Dept. 67, Weston lee. 
trical Instru- 2 i 
ment Corp., 
Newark 5, N. J. 
Operating over 
an extremely 
wide range, this 
meter functions 
without damag- 
ing the sample. 
To use, a weighed sample is placed ina 
cell inserted in the instrument. The meter 
shows the material’s capacitance, which 
simple tables convert into percent mois. 
ture. Chemicals, dehydrated foods, Soaps 
flours, seeds, plastic molding powders, 
iron ore, coal, cheese, coffee, corn, grain 
dried leaf, flue dust, starch, yeast and 
cottonseed typify materials tested, 


’ rel. 
Tals 






“TAG” Glass Thermometers 
Provide Lasting Precision 


Accurate general purpose and lab. 
oratory thermometers are supplied by 
TAGliabue Instruments Div., Dept. 67, 
Weston Electrical Instrument Corp., 
Newark 5, N. J. Available armored or | 
unarmored, these individually etched 
stem thermometers indicate tempera. 
tures as low as —150° or as high as 
950°F. in the standard grade, and values 
as low as —30°F. or as high as 750°F, 


SSS 





in the extreme precision grade. Limited 
range thermometers graduated to 
1/100°C., for calorimeter use, are also 
standard. 

In addition to individual instruments, 
matched sets of A.S.T.M. Testing 
Thermometers, with overlapping ranges 
spanning temperatures from —36°F. to 
760°F., or —38 to 405°C., are available 
in convenient simulated leather cases. 


TAG-Weston Light Recorder 
Charts Illumination Changes 


Fluctuations in illumination are accu- 
rately charted by the TAG-Weston photo- 
electric light recorder introduced by 
TAGliabue Instruments Div., Dept. 67, 
Weston Electrical Instrument Corp. 
Newark 5, N. J. Developed to chart the 
fast-changing light output of railway 
fusees, this new 
instrument also 
lends itself to 
many applications 
where wide varia- 
tions in light i 
tensity must be 
recorded faster 
than by hand. |. 

The “Photronic 
photoelectric cell sensing element can 
placed wherever convenient. The wall- 
mounted CELECTRAY recorder, of 
proved TAGliabue design, follows rapid 
changes without overshooting or hunt 
ing. Full scale values of 20, 40 or 80 fost 
candles are selected by a single switch 
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) Jamperes maximum, and 50 ma at 300 volts dc, 


UNIT INSTRUMENTS 
Simple - Compact - Rugged 


NEW 


Interchangeable Laboratory-Type Equipment at Moderate Prices 


connectable and can be combined to provide a number of 
essential power sources for both audio- and radio- 
frequency measurements. Units can be assembled to make 
inexpensive standard-signal generators, test oscillators, 
heterodyne detectors, voltage calibrators, power sources 
for slotted line measurements, null detectors, etc. 


SOME months ago General Radio announced the 
availability of its ‘unit’ line of inexpensive instruments 
designed for general laboratory use. Each unit is com- 
plete in itself, with straightforward circuit, good 
accuracy, and with plug-in power supply which auto- 
matically furnishes proper filament and plate voltages. 

These units are electrically and mechanically inter- 

. This line of unit instruments is inexpensive, flexible and versatile and com- 

prises basic measuring equipment either for general laboratory use or for special- 
ized measurements. Several new units are described in the following: ‘ 


Type 1204-B Variable Power Supply This is a general- 
purpose variable-output power unit. It is 
equipped both with multipoint connectors for 
plugging into other unit instruments and with 
binding posts for connecting to other equip- 
ment. It furnishes cathode supply of 6.3 volts ac 
at 3 amperes maximum, and d-c plate supply 
continuously adjustable from zero to 300 volts 
with a maximum load of 100 ma. A panel meter 
shows the d-c output voltage and current. The 
hum level is 250 mv at 300 v, 100 ma d-c load. 
A mating multipoint connector is supplied. 


Price: $85.00 








Type 1203-A Unit Power Supply This new unit 
supplies voltages of 6.3 for cathode heaters at 


maximum. The no-load voltage is 410. Hum 
level is 250 mv at 300 volts and 50 ma d-c 
output. Connections to associated unit equip- 
ment ate made through a standard multipoint 
connector mounted in the ends of the unit. 
A mating multipoint connector for connecting 
the supply to other equipment is furnished. 


Price: $47.50 


















Type 1206-A Unit Amplifier This unit am- 





plifier uses two triode, RC-coupled, 
voltage-amplifier stages and an im- 
pedance-coupled output stage. It fur- 
nishes a maximum voltage gain of 45 db, continuously adjustable from zero 
with a maximum output of 3 watts into 7500 ohms, with distortion of less than 
2% at frequencies above 100 cycles. The frequency response is essentially 
flat from 100 cycles to 100 kc. 


Price: $85.00 








Type 1208-A U-H-F Unit Oscillator This new unit 
oscillator has a continuous tuning range of 250 to 
920 Mc. It uses a Butterfly Circuit with no moving 
contacts. Output coupling is a short coaxial line 
with a coupling loop and a G-R Type 874 Coaxial 
Connector. Coupling can be varied over a wide 
tange. The calibration accuracy is + 1%. The 
Output power is 200 mw into 50 ohms at any fre- 
quency. Amplitude modulation of 30% can be 
provided from an external source of 40 volts. 
Input impedance is about 8000 ohms. Price: $235.00 





GENERAL RADIO Compan 


275 Massachusetts Avenue, Cambridge 39, Mass. 


?St. LOS ANC 


t NEW YORK 6 


Michigan 


Type 1214-A Unit Oscillator This new unit oscillator 
supplies frequencies of 400 and 1000 cycles, accu- 
rate to + 2%. It is a convenient modulator for 
the Types 1208-A and 1209-A Unit Oscillators, 
and is widely used as a power source for bridge 
measurements. This oscillator contains its own 
power supply, unlike other G-R unit instru- 
ments. Maximum output power is over 200 mw. 
Output impedance is about 8000 ohms at maxi- 
mum output. Open-circuit output voltage is 
about 80 volts. A toggle switch selects either 
the 400-cycle or 1000-cycle output. Price: $60.00 





tre. CHICAGO 5 rau 


This unit os- 


Type 1208-A V-H-F Oscillator 
cillator is similar to the Type 1209-A in 
construction and operation. The tuning 
circuit employs a sliding contact which 
makes possible a wider frequency range of 
65 to 500 Mc. The frequency calibration is 
accurate to + 29%. Into 50 ohms the out- 
put power is 100 mw at any frequency and 
500 mw in the center of the range. 


Price: $190.00 





Other G-R Unit Instruments 
are under development and 
will be available in the future. 
Watch for them. 
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Specify 
CONTROL 





Double-faced walk-in cubicle with front and rear 
control board. (lighting canopy not shown in picture). 










—FOR ALL PANELBOARD 
AND HOUSING REQUIREMENTS 


You can depend on Falstrom for experienced 
design and expert workmanship in the building 
of panelboards, switchboards, cubicles, instru- 
ment panels, control centers and switchgear 
housings. Falstrom service includes the planning 
and production of distinctive, finished housings 
with functional qualities that assure practical 
economical installations. Check with Falstrom, 
now. Fill out and mail handy coupon for details. 











FALSTROM 


COMPANY 


PASSAIC, NEW JERSEY 










92 FALSTROM COURT ° 
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FA I am interested in the items (1 INSTRUMENT 
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Visit our booths Nos. 425, 426, at — 23rd Exposition of Chemical In- 
dustries, Grand Central Palace, New York City, Nov. 26 to Dec. 1, 1951 
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AIRCRAFT THERMOMETER 


WSS WARS 


FOR TESTING AIRCRAFT TEMPERATURE INDICATORS... 
BOTH RATIOMETER AND THERMOCOUPLE TYPE 
































es @ Portable working standards 
lo. 11 for use in the repair shop or 
in the airplane. 


@ Calibrated with precision 


1290 equipment by skilled per- 
1299 sonnel. 

aid @ Unique principle of operation 
im insures long trouble-free ser- 


vice with continued accuracy. 


1300 @ Supplied with test leads and 
adapters for quick connection. 


@ Easy to operate. 





1306 @ Self-contained batteries. 

1308 

on @ Sturdy hardwood case. 

1342 

1343 

i MODEL S8I1TT9 is provided with the following calibration ranges for Thermocouple 
Thermometers —0O to 1000°C chromel-alumel, minus 50 to plus 350°C iron-constantan and 

1289 minus 50 to plus 350°C copper-constantan. Calibration points for ratiometers are provided for 

en the following in centigrade —70, —50, —30, —10, 0, 10, 30, 50, 80, 100, 120 and 150, for dual or 

1374 single indicators, in accordance with the AN-B-19 Curve. 


MODEL 81TTS5 is provided with calibration steps similar to the 81TT9, except that a 
range of zero to 600°F copper-constantan is substituted for the 0 to 1000°C chromel-alumel 
range, to provide means of checking this type of indicator found on some commercial aircraft. 


Only a few simple operations are required to test temperature indicators with these instru- 
ments. Connect the indicator with the clip or plug leads, turn the resistance-voltage switch 
as required, adjust standardizing voltmeter to a red line by means of the rheostat and turn 
aye temperature selector switch. By comparing the indicator reading with the switch setting, the 
1361 scale error of the indicator is determined. 


THE LEWIS ENGINEERING CO. 


Manufacturers of Complete Temperature Measuring Systems for Aircraft 
eee ee a 
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TIMING MOTORS 
For Industrial - Military - Commercial Uses 


1600 SERIES: 
LOW COST VERSATILITY 


Specifically designed as a standard 
component for the widest possible range 
of timing applications with 17 standard 
speeds from 60 = to 1 revolution per 
hour. 


4400 SERIES: 
SLOW YET COMPACT 


Designed for small size and low cost in 
applications requiring slower speeds from 6 
hours to 7 days per revolution. 


HAYDON 


TORRINGTON 


HEADQUARTERS FOR 


3100 SERIES: 
HEAVY DUTY DEPENDABILITY 


For control and instrument applications that 
require a heavy duty train and speeds from 
1 hour to 14 days per revolution. 


COMPLETE SPECIFICATIONS 


Literature giving complete design and 
engineering specifications will be 
sent on request. Ask for the catalog 
which best suits your need. 


TIMING MOTORS -TIMING DEVICES - CLOCK MOVEMENTS 
Write for whichever catalog you need 


HAYDON Manufacturing Co., Inc. 


SUBSIDIARY OF GENERAL TIME CORPORATION 


2035 ELM STREET 
TORRINGTON, CONNECTICUT 





Page 1254—Jnstruments—Vol. 24 














Instruments 


THE MAGAZINE 0} 


: ent 
and Contro| 





Published by 


The Instruments Publishing Company 
921 Ridge Avenue 
Pittsburgh 12, Penna. 


Richard Rimbach, Publisher 

M. F. Behar, Editor 

Milton H. Aronson, Managing Editor 
James F. Emge, Assistant Editor 





DISTRICT OFFICES AND MANAGERS 


Altadena, Calif., M. D. Pugh, 2721 N, 
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MEMBER SUBSORIPTION RATES 


For One, Two — Three Years. 
United States, S. Possessions 
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Latin America and Australia $4.00, 

Audit Bu- $6.00, $8.00. 
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with the ALL-METAL 
Foxboro dip Cell! 




























... gives fastest response, 
longest sustained accuracy, 
lowest installation cost 


Simpler in design, simpler and much less expensive to install, far 
easier to maintain . . . the all-metal Foxboro mercury-less d/p Cell 
offers greater speed of response, permitting closer flow control, 
than has ever been possible before. Its negligible displacement 
and corrosion-proof construction of Type 316 Stainless Steel elim- 
inate usual maintenance problems, even in service on highly 
corrosive or viscous fluids previously considered unmeasurable. 

The Foxboro d/p Cell measures differential pressure by the 
force-balance principle and transmits pneumatically to indicating, 
recording, or controlling receivers. Small, compact, weighs as 
little as 19 lb. Ranges: from 25” to 800” H2O. Working pressure 
ratings up to 4000 psi. Steel or stainless steel construction. Inher- 
ent over-range protection. Easy in-the-field calibration and 
range changes. Optionally available with pre-assembled mani- 
fold piping shown in photo above. 

Thousands of d/p Cells now in use throughout industry, with 
many repeat orders now on our books, indicate the wide accept- 
ance and successful performance of this revolutionary develop- 
ment for the measurement of liquid, steam, gas, or air flow. Write 
for detailed Bulletin 420. The Foxboro Company, 4611 Neponset 
Avenue, Foxboro, Massachusetts, U. S. A. 





RECORDING - CONTROLLING - INDICATING 


INSTRUMENTS 


IN THE UNITED STATES, CANADA, AND ENGLAND 
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2. Change from direct to 
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connections. 
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iNew BI-ACT 


CONTROLLER 


Here's a new, inexpensive force-balance controller 
incorporating a new control circuit. One stabil- 
ity knob adjusts both proportional and auto- 
matic reset responses. It’s adaptable to practi- 
cally any process . . . flow, pressure, liquid level 
and temperature . . . and particularly suited to 
applications requiring fast reset rates and broad 
proportional bands. 


The BI-ACT CONTROLLER can be panel or field 
mounted. It can be changed from direct to re- 
verse action and, with optional manifold, re- 
moved entirely without disturbing piping con- 
nections. SPECIFICATIONS: Gain 100 to .5 
(Throttling range 1% to 200%) Automatic 
reset .1 to 120 repeats per minute. Size 714”’ 
f overall length. Standard operating range 3 to 
15 psi. High capacity air valve. 

This new BI-ACT CONTROLLER is the latest addition 
to Taylor’s famous Transet* ConTROL SysTEM, 
the new concept in pneumatic transmission con- 
trol that is the talk of industry. Three com- 
ponent units, TRANSAIRE* TRANSMITTERS, TRI- 











Gives you single knob adjustment 
of both proportional and reset! 


Act* or Bi-Act* Controxiers and Transet* 
Recorpers or INpicators, work together as a 
team to take full advantage of each others’ 
superior performance in controlling practically 
any process variable. 


For full details ask your Taylor Field Engineer, 
or write for Bulletin 98070. Taylor Instrument 
Companies, Rochester 1, N. Y., and Toronto, 
Canada. 


Instruments for indicating, recording 
and controlling temperature, pressure, 
flow, liquid level, speed, density, 
load and humidity. 





*Trade-Mark 


— Instruments 


en MER enn 


ACCURACY FIRST 











INDUSTRY 


IN HOME AND 
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The most complete line 
in the industry! 


In the complete line of Westinghouse Electrical Instruments, you’re sure to 
find the right answer to your measuring requirements. Moreover, you'll get a 
wider selection for specific applications, whether it be a-c or d-c current and 
voltage, single or polyphase circuits, watts or vars, frequency, power factor, syn- 
chroscopes, temperature indicators, ground detectors or position indicators. 

For laboratories, production lines, power plants, field service, or military 
operations—whether the requirement is for recording or indicating—for 
portable or permanent application—Westinghouse Instruments give you 
lasting accuracy. 


Meets A.S.A. Performance Requirements 


Every Westinghouse Instrument is built to meet the rigid performance require- 
ments of the American Standards Association. No more exacting guarantee 
of an instrument can be made. 


Competent Application Assistance! 


Westinghouse Instrument Application Engineers are available to help you in 
selecting and applying the proper instruments for your application. Simply 
call your nearest Westinghouse office. 

For complete information on Westinghouse Instruments write for Booklet 
B-4696. Address: Westinghouse Electric Corporation, P. O. Box No. 868, 
Pittsburgh 30, Pennsylvania. J-40406 
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HONEYWELL SUPPLIES MAN 


ee and 
The Walls of this 
Well are Uniform!” 


Taar’s Honeywell Supplies Man E. R. McCune, of our New York 
Office, telling a customer the special features of a Brown Precision- 
Made Protecting Well. First discussed was the application . . . then 
McCune showed the customer the correct well for his process. 


° 


The engineering “know-how” of an HSM representative can be of 
real help to you in choosing the correct well, or thermocouple, for 
your application . . . and you'll be surprised when you learn how 
much convenience and economy the HSM Plan can add to all of your 
pyrometer supplies purchasing. 


Call in your local Honeywell Supplies Man today .. . for full par- 
ticulars on the plan that will save you time, money and work. He is as 
near as your phone! MINNEAPOLIS-HONEYWELL REGULATOR Co.. 
Indus «cal Division. 4482 Wayne Ave., Philadelphia 44, Pa. Stocking 
points in Philadelphia, Cleveland, Chicago, Atlanta, Houston, Los 
Angeles and San Francisco. 







Advantages of 
BROWN PRECISION-MADE 
PROTECTING WELLS 


1. Uniform wall thickness of engineered 
accuracy. 


2. A complete line . . . Your assurance of the 
right well for your application. 


3. Made of practically all common metals 
and alloys . . . of almost any wall thickness, to 
withstand high temperatures and pressures. 


4. Quick delivery . . . stocks maintained at 
branch offices. 


Honeywell | 
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When time counts—and accuracy and quality are 
“musts”— you can entrust your stainless steel bellows 
assemblies needs to us . . . completely! 

Just turn over the job to us. You're free of production 
problems and worries. Our skilled personnel—ample 
facilities—50 years of specialized experience—all combine 
to produce exactly to your specifications, You save plenty 
—time and money. 

You may need an assembly similar to one we have 
already produced. Or, you may have a design problem 





FULTON 
SYLPHON 


DIVISION. 
Knoxville 4, Tenn, 








“Made to order” to speed 
defense production plans! 








STAINLESS STEEL BELLOWS ASSEMBLIES 


that parallels one we have solved for another customer. 
Whatever you require, we will work with you to develop 
assemblies specifically adapted to your requirements. 
Sylphon bellows assemblies are used in many ways— 
where there’s a design problem involving control of 
temperatures or pressures. They open and close valves, 
dampers, etc., absorb expansion, provide packless con- 
struction, have many more uses. Stainless steel or other 
metals. Wide range of sizes. Send for complete infor- 
mation. Ask for idea-packed Catalog VE -1200. 


TEMPERATURE CONTROLS 


Robertshaw Fulton 


ces 
FELLOWS Assematies + BELLOWS DEV" 


th 
BRIDGEPORT 
THERMOSTAT 


DIVISION 
Bridgeport 1, Conn, 
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eS) : VE TOP—Durable moulded neoprene diaphragm 
i? . 1 Phas positive sealing bead which provides increased 
sealing action with increasing control pressure, Eff. 
cient diaphragm form insures ample and constant 
operating power thru full travel. Piston Plate Assem. 








Special Cast 













ae on bly (2) has a free floating thrust plate 
Only 4 Bolts gue POWERS which absorbs side thrust. Closely guided 
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VALVE 


piston plate maintains stem in accurate 
alignment. 
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Compressed SE 
Air or ly >| Yk Anuustine SCREW—Ball bearing non-rising type, 
Proved {t, Easily accessible, 180° turning radius with Starting 


pressure adjustable from 0 to 17 psi. Has enclosed 
rust proofed steel spring for full travel in 5 or 10 psi, 


How of control pressure change. 
Steam, Water 


Oil, Gases 









BONNET ASSEMBLY—Polished stainless steel stem in 
preformed lubricated metallic packing insures long 
life and low hysteresis. 





Ball Check 
Lubricator 










VARIETY of VALVE BODIES—Sizes 2” thru 8’—For line 
pressures below 250 psi. Rugged construction to with- 
stand piping strains. Single seat or double seat, bronze and 
stainless steel trim. Double unions and flanged ends. Available 
normally open (direct acting) or normally closed 
(reverse acting) and 3-way type valves. 


WERS BETTER Valve Tops 


Packless Valves Available 





FE pe 
> 2 


4, 


9 TASeweeneanenannweneaceneauas=* 


POWERS Metaflow Valves are small, 
sturdy, light-weight, reasonably priced, suitable 
for many control applications where the pressure differential 
does not exceed 75 Ibs. per square inch. 


1. HOUSING—High strength aluminum alloy. Hydraulically formed long life brass 
bellows provides smooth and powerful stroke. 


2. ADJUSTING SCREW—Brass with rust proofed steel spring having 15 Ibs. 
adjustment range to give proper sequence operation where required. 


3. BONNET ASSEMBLY—Polished stainless steel stem in preformed lubricated 
metaltic packing insures long life and low hysteresis. 


TRIM—Composition disc with brass integral seat and self-aligning disc holder. 
Available normally open (direct acting) or normally closed (reverse acting), and 


CALLA LLL LLL 






Lm sy. 
Lubricator Stem Compressed Air METAFLOW NO-PAK VALVES prevent leakage of inflammable or harmful 
Optional Operated liquids or gases and provide vacuum protection. Are suitable for use with Freon, 













oil, gasoline, non-corrosive gases, hot or cold water and low pressure steam. 
Phone or Write Nearest Office for Prices 


THE POWERS REGULATOR CO. 


VALVE SIZES = OFFICES IN OVER 50 CITIES @ See Your Phone Book 


y%" ” 
_ POWERS ae CHICAGO 14, ILL., 2720 Greenview Ave. @ NEW YORK 17, N.Y., 231 E. 46th St. 
Bronze bodies, screwed ends. é 
ee ee avcoed construction to with, | LOS ANGELES 5, CAL, 1808 West 8th St. ¢ TORONTO, ONT., 195 Spadina Ave. 
VALVE stand piping strains, MEXICO, D. F., Edificio “La Nacional” 601 


OVER 58 YEARS OF PNEUMATIC TEMPERATURE CONTROL 
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or IMMERSION THERMOCOUPLE 





THE IMMERSION RAYOTUBE is plunged beneath the sur- 
face of the bath . . . sights on an air pocket blown in the 
steel .. . reports temperature to a Speedomax Recorder. 





THE IMMERSION THERMOCOUPLE is immersed until 
couple reaches bath temperature . . . a process guided 
by signal lights and charted on a Speedomax Recorder. 


LEEDS 


tte 






Nise 


Open hearth and electric furnace shops can now choose be- 
tween two tested L&N methods for measuring steel temperatures 
during the melt. Either the Immersion Rayotube or Immersion 
Thermocouple is plunged momentarily beneath the surface to 
measure the interior temperature of the bath, while a depend- 
able Speedomax Recorder displays the information where all 
concerned can use it. 

Either method helps improve ingot production by warning 
if the steel is too hot or too cold for normal pouring. Authorities * 
have found that some ingots from as many as 44% of over- 
heated melts will stick to the molds, resulting in loss of produc- 
tion time, while as many as 52% of underheated melts will lose 
yield through formation of skulls in the ladle. Both of these losses 
have been sharply cut in every plant where temperature is prop- 
erly measured while the melt is finished off for tapping. 

Investigate the choice of immersion methods L&N offers to 
meet plant requirements. In general, Rayotubes are employed 
in heavy-duty shops where several readings may be taken every 
hour, while thermocouples—although sometimes preferred for 
such service—find wider application to small or special furnaces. 
However, a number of factors determine the final choice. Let 
our experienced engineers analyze your measurement problems 
and help your staff select the proper equipment. 

Contact our nearest office, or write us at 4955 Stenton Ave- 
nue, Philadelphia 44, Pa, 


* Clark and Feigenbaum of J&L, in AIMME Technical Paper 2031. 


NORTHRUP 


Jrl Ad N-33-640(2} 
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How much can you expect 





an oscilloscope camera to do? 








pt 





Scope Image Film Recording 


1 Single-frame photography of stationary pat- 
* terns using a continuously running sweep. 








Scope Image Film Recording 


2 Single-frame photography of single transients 
* using a single sweep. 








] 











i 





Scope Image Film Recording 
3 Continuous-motion photography employing film 





* motion as a time base. 


Scope Image Film Recording 


4 Continuous-motion photography employing 
* oscilloscope sweep as a time base. 

















It’s only reasonable that you should expect the oscilloscope camera you bu 
to record what you see on an oscilloscope screen during any period. But can 
it be expected to do any more? We think so. 

For example, did you know that the Fairchild Oscillo-Record Camera~oy 
idea of the most versatile 35-millimeter oscilloscope camera now available- 
can GREATLY EXTEND THE USEFULNESS OF YOUR OSCILLOSCOPE? 

As you know, many non-recurring phenomena occur too rapidly to permit 
adequate visual study. Others occur so slowly that continuity is lost. Some- 
times you have combinations of very slow-speed phenomena and occasional 
high-speed transients. In any one of these cases, the Fairchild Oscillo-Record 
Camera will take over where your eye and the oscilloscope leave off. 

This extremely versatile instrument is now being used daily by many 
hundreds of engineers in widely diver- 
gent fields. For an idea of what it can 
do for you, study the five scope images 
and recordings illustrated at left. Each 
solves a particular problem. 

Oscillo-Record users especially like 
its: 

CONTINUOUSLY VARIABLE SPEED CONTROL— 
1 in./min. to 3600 in./min. 


TOP OF SCOPE MOUNTING that leaves con- 
trols easily accessible. 





PROVISION FOR 3 LENGTHS OF FILM— 100, 
400, or 1000 feet. FAIRCHILD OSCILLO-RECORD CAMERA —1. 
camera, 2. periscope, 3. electronic control 

For more data write Fairchild Cam- 300 cad 1000 fect moncsince mann 
era Instrument Corp., 88-06 Van Wyck adaptor and motor, universal mount for cam | 
era and periscope, binocular split-beam 


Blvd., Jamaica 1, N. Y. Dept. 120-16F. viewer. 





VALUABLE RECORDS FOR IMMEDIATE EVALUATION 
The Fairchild-Polaroid® Oscilloscope Camera produces a photographic print in a minute 


Valuable but inexpensive oscillograms for immediate evaluation; automatic one- 
minute processing without a darkroom; a set up time of two minutes or less—they’re 
just three of the many advantages that are yours when you use the Fairchild-Polaroid 
Oscilloscope Camera. Wherever individual exposures meet your recording require- 
ments—where you'd like to have permanent records of the traces you're now sketching 
or carrying in your memory, this is the camera that can bring new speed, ease and 
economy to your job. Prints are 34x41, and each records two traces exactly one-half 
life size. Write today for details. 


A minute 
after 
you've pulled 
the tab 
a finished print 
is ready 
for evaluation 
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FILM MOTION FILM MOTION 
TIME BASE & SCOPE SWEEP 


5 Continuous-motion photography employing 
* combination of film motion and oscilloscope 
sweep as a time base. 
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WHEREVER ACCURACY COUNTS... 
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You Can Count on. 
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For control of pressures, temperatures, levels 
and flow—industries look to Climax Controls 
for the exacting reliability they require. 


Accuracy is initiated at the BS&B Climax 
Controls division, where every control and 
valve must undergo rigid tests before deliv- 
ery; and where engineers, metallurgists and 
laboratory technicians are constantly ex- 
ploring and developing new materials, new 
methods, new and improved products, and 


new ideas. 


7500 East 12th Street 





SUN OIL COMPANY’S big, modern Natural Gas plant at Delmita, Starr Co., Texas 
—where 99% of the automatic valves and controls are Climax. 


SivaALLs & BrRYSON, 
Climax Controls Division, Dept. 50-V 
Kansas City 3, Missouri 


In the Chemical, Petro-Chemical, Oil and 
Gas Industries, especially, the name 
“Climax” has become synonymous with 
efficiency and trouble-free performance. 





At the International Chemical Exposition, 
November 26 through December 1, you will 
have an opportunity to see these latest devel- 
opments in Climax Controls at booths 496 
and 497. We invite your visit. If you cannot 
attend, why not write for the latest issue of 
the Climax Controls catalog, on your com- 
pany letterhead. 











INC. 


















PALMER 


mercury actuated Dial Thermometers 


now in three types to suit any requirements 





Rigid Stem 
Dial Thermometer 


Rigid stem tapered bulb, inter- 
changeable with standard industrial 
thermometer separable socket. 





Wall Mounted 
Dial Thermometer 


Wall mounted dial thermometer 
with flexible connecting armor. 
Case adjustable to easy 
reading position. 








Flush Mounted 
Dial Thermometer 


Flush mounted style for panel 
mounting with flexible 
connecting armor. 








All three types have 
a full 41/2” dial Face 





for accuracy: Mercury actuated ... Fully Compensated by Invar Stem can be placed at any 


Compensation. Guaranteed Accurate 1 scale division. ae 4 é F angle and case can be rotated 
for angularity: Can be adjusted to most readable position at 4 g to any readable position. 

any angle desired. ai 

for readability: Bold Black Numbers... 11’ of scale Reading 

Dial face can always be placed in easiest readable position. 


for interchangeability: Always specify “PALMER” Separable 
sockets as they are interchangeable for Dial or Industrial type 





Thermometers. 


THERMOMETERS, INC. ar 

Mfrs. of Industrial Laboratory, SEND FOR THIS BULLETIN 

Recording and,Dial Thermometers | For details on the Not ee 
Dial Thermometer, please w 

2511 NORWOOD AVE., CINCINNATI 12, 0. for Palmer Bulletin 51-129. 
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AMERICAN METER COMPANY’S 


a Dallas Plant 


‘onsen RICAN 4 


New Convenience for the Southwest Area 


You are cordially invited to visit our new plant consultations on instrument problems. 

and showroom at 300 Industrial Boulevard, The new showrooms afford complete facilities 
Dallas. Designed to specialize in the produc- for conducting Instrument Schools for engi- 
tion of Orifice Meters and related equipment, neers and maintenance men. The complete line 
it speeds deliveries and makes possible a per- of American Meter Company products will 
sonalized, sales-engineering service including also be on permanent display. 


\ 
GENERAL SALES OFFICE: 1513 Race St., Philadelphia 


a 
Ml ry MERICAN Albany * Alhambra * Amarillo * Atlanta * Baltimore 
“ Birmingham * Boston * Chicago * Dallas * Denver 
METER CORPAN YW _ Xe * Houten + Kono city + lor Angeles + New 
York © Odessa °¢ Pittsburgh * San Francisco * Tulsa 
INCORPORATED (ESTABLISHED 1836) Canadian Meter Co., Ltd., Hamilton, Ontario 
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For UNFAILING DEPENDABILITY 
specify OH MITE Resistance Components 


~ RHEOSTATS 





RESISTORS 





TAP SWITCHES 





Write on COMPANY 


LETTERHEAD FOR CATALOG 
AND ENGINEERING 
f MANUAL NO. 40 


RHEOSTATS 


The Ohmite series of standard, close control 
rheostats is the most extensive available—so it is easy to 
select a size to fit your application. There are ten sizes, ranging 
from 25 to 1000 watts, with many standard resistance values 
in each size. All models have the Ohmite all-ceramic construc- 
tion, with winding permanently locked in vitreous enamel, and 
smoothly gliding metal-graphite brush. 


The extensive range of Ohmite types and 
sizes makes possible an almost endless variety of standard 
resistors to meet your needs. The Ohmite line includes more 
than 60 core sizes, in a wide range of wattage and resistance 
values. There are also 18 types of resistor terminals available. 
Included in the standard Ohmite line are fixed, adjustable, 
tapped, non-inductive, and precision resistors. Specially devel- 
oped vitreous enamel provides years of unfailing performance, 


Ohmite tap switches are supplied in five 
standard models, rated at 10, 15, 25, 50, and 100 amperes, 
a.c. They combine high current capacity and a large number 
of taps with unusual compactness. Their sturdy, one-piece 
ceramic bodies provide permanent non-arcing insulation. 
Their heavy silver-to-silver contacts have a self-cleaning 
action and provide continuous, dependable contact with low 
resistance. Ohmite tap switches are supplied in enclosed or 
open, shorting or non-shorting types. 


Ohmite offers an extensive line of standard pre- 
cision, non-inductive resistors in 14- and 1-watt sizes, in the 
standard type, vitreous-enameled type, or hermetically sealed 
in glass. They have an accuracy of +1%. Ohmite non- 
inductive vitreous-enameled resistors are also available in 
standard 50-, 100-, and 160-watt sizes in a wide range of re- 
sistance values. In addition, Ohmite provides radio-frequency 
plate chokes, power line chokes, and dummy antennas. 


e RESISTORS e TAP SWITCHES 








Faxfilm 





Faxfilm Comparison 
Micro-ptojectors and 
materials fit into 
portable carrying 
case at right. 

















Step 1: Moisten test surface 
with special solvent. Step 2: 
Press small piece of film 
against surface. Step 3: Re- 
move film and insert in 
cardboard frame. Faxfilm is 
now ready for projection. 











-THE NEW BRUSH FAXFILM” 


AN AMAZING TOOL FOR FAST STUDY 
AND COMPARISON OF SURFACES 


@ In less than a minute you can make a reverse replica 
of practically any surface on Faxfilm. Then, after 
mounting the film and placing it in the Faxfilm pro- 
jector, you can study and compare surfaces at magnifi- 
cations of 30 or 100 times. 


The Faxfilm projection shows roughness, wear, grain, 
texture, and finish of the test surface in minute detail. 
You can check flats, curves, cones, bores, and irregular 
shapes of metals, textiles, ceramics, fibers, tissues and 
other materials. 


If quick information about surfaces is important to 
you, write for complete information now on Faxfilm, 
The Brush Development Co., Cleveland 14, Ohio, U.S.A. 
Canadian Representatives: A. C. Wickman (Canada) 
Limited, P. O. Box 9, Station N, Toronto 14, Ontario. 


Faxfilm projection of cylinder bore Faxfilm of steel surface with ground 

treated with Lubrite indicates uni- finish. Faxfilm is excellent for check- 

formity of crystal size and ing best speeds, feeds, and lubri- 
complete coverage. cation for machining. 


Comparison of honed finishes in which difference in roughness is 
only 3 microinches RMS. (6 MU, RMS at left; 9 MU. RMS at right.) 


WRITE FOR COMPLETE INFORMATION p [—— TOO monn nnn nnn nnn nny 


THE 


DEVELOPMENT COMPANY 


PIEZOELECTRIC CRYSTALS & CERAMICS © MAGNETIC RECORDING © ELECTROACOUSTICS © 
ULTRASONICS © INDUSTRIAL & RESEARCH INSTRUMENTS 


THE BRUSH DEVELOPMENT COMPANY, Dept. A-16 
3405 Perkins Avenue, Cleveland 14, Ohio 


Please send complete data on uses of Faxfilm. I would 
like this for: (please check) 


0 reference C immediate planning 
Your Name 
Company 
Address ....... SUCRE GELS abe T Ocek bs woe CuMC eed keane 








ins seni spb ni enemas dm ne sins isin anil 
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The NULLMATIC Controller was 
a new development in 1947. Its friction-free opera- 
tion set new standards for control instruments. 


Now—four years and 4315 Controllers later—users here 
and abroad have proved the advantages of this stack-type 


design. 

Pneumatic Force-Balance Operation Four Years of Know-How 

Controller lag is practically eliminated. As the result of field experience, many improve- 
ments have been made since the first production 

Simplicity of Field Maintenance units—although these first Controllers are still 

Diaphragms will withstand 100 psi. The pilot operating continuously. 

valve, restrictions, and needle valves—the, ‘only 

other working parts—can be removed easily, Now, the performance is further improved 

for cleaning. by the use of pre-formed diaphragms in the 


throttling unit. This major 
advancement in design 
results in a 50% reduc- 
tion in over-all spring 
rate—the one factor 
which best serves as a 
criterion of over-all per- 
formance. 


Pre-formed 
Diaphragm 
(actual size) 









MOORE PRODUCTS CO., PHILADELPHIA 2 
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ALL NULLMATIC Controllers 
meet the following perform- 
ance specifications: (These 
values are conservative—the 
results of tests on standard 
production instruments, using 
3 to 15 psi operating range 
and 25 psi supply pressure. 
Many tests have shown even 


better values.) 


* RESPONSE LEVEL 


The output is sensitive to changes 
in the measured variable—as 
small as 0.01% of full range. 


* TRACKING 


The measured variable and the 
control point align within 0.5% 
of full range. 


* REPRODUCIBILITY 
OF OUTPUT 
—within 0.3% of full range. 


* AIR CONSUMPTION 


—0.2 scfm (in balance, on dead- 
end service). 


* OUTPUT CAPACITY 


—up to 3 scfm. 


Send for 
this 
New Catalog 


Bulletin 5011 contains additional 

performance data and complete 

information on NULLMATIC Con- 

trollers, M/P Control Stations, 

Derivative Units, and M/F Relays Model 50— 

for interlocking control circuits. Remote Set Type 


ranch Offices: CHICAGO, DETROIT, Subsidiaries: Moore Instrument Co., Ltd., TORONTO 
lOlUhS fo) ps LOS ANGELES, PITTSBURGH : Air Clocks, Inc., HUNTINGTON. STATION, N. Y. 
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Don't let This Trouble-Maker Deliver A Knock-Out Blow 


Here's a ‘‘fixed’’ fight if we ever saw one! It’s a 
fight that goes on every day. An air-operated instru- 
ment doesn’t have much chance when a slug of 
oil-laden air hits it. But here’s a positive way to end 
the production downtime and damage to instru- 


ments caused by oil slugs: 


Ingersoll-Rand has perfected trouble-free air com- 
pressors that always deliver absolutely oil-free air 
to instruments. These unique non-lubricated 
Compressors feature pistons fitted with patented 

Model 235 NL machines 


available through 3 hp— 
other models through 250 hp. 





NL Compressors 





graphitic-carbon rings that prevent metallic contact 
of the piston with the cylinder bore. Because of the 
elimination of this contact, and the self-lubricating 
qualities of the carbon rings, the Ingersoll-Rand NL 
Compressor cylinders require no lubricant. Hence, 
there is no chance of a slug of oil ever reaching 


your air-operated control instruments. 


Get all the facts, now. Simply contact your nearest 
I-R representative or write direct to Ingersoll-Rand, 
11 Broadway, New York 4, New York. 


Model N machines. available 
through 1 hp. 


#675-3 


Ingersoll-Rand 


11 Broadway, New York 4, New York. 


... 70 years of compressor “know-how” packed into these new compressors for air-operated instruments! 
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Wi You will find ideas in action when you visit the 
Bailey Meter Exhibit, in Booth 56, at the 1951 
Exposition of Chemical Industries. 


For your process and power plant planning in ’52 
you will want the latest in measurement and con- 
trol instruments. At the Bailey Exhibit you will see 
ways to use fuel at high efficiency —measure small 
rates of flow, simplify temperature measuring in- 
stallations, reduce telemetering problems, brighten 
up plant appearance —and operate with a maxi- 
mum of safety. 


Your metering and control problems will be wel- 
comed and held in the strictest confidence —come 
in and talk it over, or ask for a Bailey Engineer to 
call at your plant. G-32 


BAILEY METER COMPANY 


CLEVELAND 10, OHIO 


1041 IVANHOE ROAD e ° 


Controls for P 











These ideas for '52 will simplify and improve 
your process or power plant operation: 


BB mini-tine Equipment — 
An operating Control Console, a Model Control Room, and 
an Application Diagram show how you may use miniature 
indicators and controls to: concentrate control stations; 
use available manpower to best advantage; and minimize 
control room space requirements. 


By Anmortuse— 


A flexible protected multi-tube cable which will cut your 
overall construction costs and improve the appearance of 
your pneumatic telemetering and control systems. 


a Characterized Positioning Relay— 
A compact unit to improve performance of Control Valves 


and Control Drives. 


8 Area Type Fluid Meter — 


Process liquids at low rates of flow are accurately measured 
by this sensitive telemeter transmitter. 
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U.S. AIR FORCE B-36 BOMBER 





OF ALINE.... 





Series 335 p.c. ReVOY 


APPROVED BY THE AIR FORCE ror Desendable Control 


“GUARD-A-SEAL” GUARDIAN RELAYS — standard equipment in virtually all 


Guardian engineering developments U.S. warplanes—exemplify the highest degree of electronic precision 
of hermetically sealed aluminum required by the U.S. Air Force, by government agencies and aircraft 
containers, designed manufacturers. Guardian Relays and Solenoids—specified for timing, 
specifically for air- ‘ : 2 
craft, include: The fusing and releasing bombs... firing guns... controlling radios... 
AN Connector — floodlights .. . landing gears ... navigation aids ... turrets... further 
Screw Terminal—Lug establish Guardian’s reputation for electronic precision. The Guardian 
ae a “eee fae Series 335 D. C. Relay, illustrated above, is but one of a complete line 
a variety built to of Guardian Relays designed to permit more control in less space... 
government speci- more room for armament, power and personnel. Sensational Guardian 
fications. developments include the famous “Guard-A-Seal” units specifically 
A. N. CONNECTOR designed for aircraft and portable equipment, sealed in aluminum. 
‘ They incorporate heavier frames, larger contacts, higher capacities, 
GET GUARDIAN’S NEW CATALOG OF yet qualify under all AN weight requirements because the weight is 


HERMETICALLY SEALED RELAYS! 


" AN-3320-1 D.C. AN-3324-1 D.C. Series 595 D.C. Series 610 A.C.—615 D.C. Series 695 D.C. 
ALSO MINIATURE AND SUB-MINIATURE CONTROLS—WRITE 


GUARDIAN @ELECTRIC = 


1628-M w. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LIME OF RELAYS SERVING AMERICAN tMOUSTRY 








OTHER 
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For Peak 
Precision 


"300,000 LB. CAPACITY RIEHLE COMPRESSION TEST- 

ING MACHINE, MADE BY RIEHLE TESTING MACHINE 

DIVISION OF AMERICAN MACHINE AND METALS, INC."’ PEAK PRECISION—¥% of 1% of the in- 
dicated reading above 20% of the max- 
imum dial range and one part in 500 
(0.2%) below 20% of the maximum dial 
range. A Certified Test Report is furnished 
without charge for applying corrections 
when instrument is used at accuracies high- 
er than 2 of 1% of indicated reading. 


PRECISION DRAWN TUBE— Drawn from 
phosphor bronze, beryllium copper, or 
403 stainless steel—depending on 
pressure range. All tubes are specially 
treated to produce minimum hyster- 
esis and drift. 


PRECISION MOVEMENT — Aircraft 

quality for highest sensitivity. Nickel- 
dipped bronze with extra long 
bearings and heavy bronze bush- 
ing fitted with nickel silver pinions 
and arbors. 


PRECISION CALIBRATION — Grad- 

vations are individually hand- 

spotted and engraved on a white 

background. Dial may be rotated 

S 10° for zero adjustment to com- 

TEST GAUGE ; pensate for preloading. 


> 


Sri 


7 


DIAL SIZES—12" and 16". 


eo 3 


PRESSURE RANGES—All pressure ranges 
from 30" Vacuum and 15 to 20,000 p.s.i. 
Ranges over 30,000 p.s.i. on special 
order. Suppressed scales available on 
request. 


CASE AND RING—Cast aluminum case, 
black finish. Cast brass ring with polished 
chromium finish. Flush panel mounting or 
surface mounting with back or lower 
connection. 

For additional information, write for USG 
Catalog 64. 

United States Gauge, Division of American 
Machine and Metals, Inc., Sellersville, Pa. 


aernr™ SH 





PRODUCTS OF UNITED STATES GAUGE ... Absolute Pressure Gauges @ Aircraft Instruments @ Air Volume Controls @ Altitude Gauges @ Boiler Gauges 
Chemical Gauges e Mercury, Gas, and Vapor Dial Thermometers @ Glass Tube and Industrial Thermometers @ Flow Meters @ Inspectors’ Test Gauges 
Precision Laboratory Test Gauges @ Marine, Ship and Air-Brake Gauges @ Voltmeters ¢ Ammeters © Welding Gauges. 


OTHER DIVISIONS OF AMERICAN MACHINE AND METALS, INC. AY SELLERSVILLE, PA.: GOTHAM INSTRUMENTS, AND AUTOBAR SYSTEMS. 
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RNOLD ENGINEERING C0 
_ affers a complete line of 


AGNETIC MATER! 


produced to the highest quality standards 
























Cast Magnets, Ainico LU, I, IV, V, VL Xu, X-900 

_ # Sintered Magnets, Ainico Il, IV, V, VI, X-900, Remalloy* 
ge ee «Vicalloy* | «Remalloy* (Como!) 

| * Cunico ¢ Cunife * Cast Cobalt Magnet Steel 
_ HIGH PERMEABILITY MATERIALS — 
TAPE WOUND CORES , 
* Dettame __ ¢ Supermalloy* *Permalloy* +4750 + Mumetal 
POWDER MO-PERMALLOY* CORES a 
By ies _PERMENDUR; Cast and Forged ee 


in ee | Manufactured under license arrangenients with WESTERN ELECTRIC COMPANY 
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New G-E resistance thermometers accurately 
indicate and control low temperatures 


TEMPERATURES FROM —100F TO +300 F can now be 
accurately indicated and controlled with General Electric’s 
new line of resistance thermometers. They indicate accurately 
within 4 of 1 per cent full scale. Any change in temperature 
equivalent to 1/10 of 1 per cent full scale starts immediate 
control action. 

Normal changes in humidity or room temperature do not 
affect the exactness of control. Neither does a change in 
contro] voltage. Sturdy, simple construction assures reliable 
operation under severe operating conditions. 


NARROW TEMPERATURE SPANS, as small as 90 degrees, 
are available anywhere in the — 100 F to +300 F range. For 


complete information, contact your nearest G-E representa- 
tive or write Section 602-224 for Bulletin GEC-835. General 
Electric, Schenectady 5, New York. 








, ee 30 rr) ‘ 
baseorceo tt TEEN TWET EL 4 RevOy PTY PrP TT 
CENTIGRADE 








FOUR TYPES AVAILABLE— indicators, protectors, and two- or 


three-position controllers—for either flush or surface mounting. G e N E a A L e LE CT R | C 


602-224 


8 ay Ry 
hotshot A 
Be MR ty = 
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RATIO-TYPE MECHANISM stands up against hard usage and ADJUSTING SET POINT of Type HP-13 resistance thermometer 
holds accuracy despite shock and vibration. Sturdy construction is quick and easy. New General Electric instrument provides high 
assures dependable service and also fewer maintenance problems. sensitivity and accuracy, yet is simply and sturdily constructed. 
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only 3 moving parts 









Series 400 

















gQ 
No. 432 with 
constant air sup- 
ply—for quick, 
easy adjustment, 





Pressure Reducers 























No. 431 with air 
dome—for iso- 
lated installa- 
_ tions. 
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No. 430 with 
separate air tank 
—for variable 
ambient temper- 












Accurate low-cost regulators ... ature. 
For longer service with negligible main- guided to close to a tight seat. Easily re- 
tenance, operating parts are reduced to just seated if mecessary...is self-cleansing and 
three, inner valve, stem and diaphragm, in non-sticking. Diaphragm is always in balance 
the Klipfel 400 Series air-loaded Pressure .+-Mo stress, no bursting. Regulation is accu- 
Reducing Valves. In addition, these 400 rate and easily controlled. For increased 
Series Valves provide exceptionally close safety, flow automatically shuts off in case 
regulation for an unusually low initial cost. of diaphragm failure. 

The stainless steel ball inner valve is a For full data on the Klipfel 400 Series 
perfect sphere, extremely hard and well Valves, for steam, air, water .or gas, write 


Dept. DA-11 for Bulletin No. 148. 


VALVES INCORPORATED @ 


DIVISION OF HAMILTON-THOMAS CORP., HAMILTON, OHIO 
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NEW Gp) SECONDARY 


FREQUENCY STANDARDS 
MODELS 100C AND 100D 


© Sine or rectangular waves 
© 100 usec time markers 

© Built-in oscilloscope 

© Stability 1/1,000,000 

© Low output impedance 

© New, improved circuits 

© Audio, supersonic, rf measurements 








FIG. 1. Timing Comb, -hp- Model 100D 





SPECIFICATIONS 


-hp- 100D Secondary Frequency Standard 


Accuracy: 
About 2 parts per million per week, nor- 
mal room temperature. 


Stability: 
About 1 part per million over short inter- 
vals. 

Output: 
Controlled frequencies: 100 kc, 10 ke, 
1 kc, 100 cps, 10 cps. Sine or rectangular 
waves; marker pips. Internal impedance 
approx. 200 ohms. 

Wave Shape: 
Sine wave: less than.4% distortion into 
5,000 ohms or higher load. 

Marker Pips: 
10,000, 1,000 and 100 usec intervals. 

Oscilloscope: 
Integral with circuit. Establishes 10:1 
Lisajous figures to show division ratio. 
May be used independently of standard. 


-hp- 100C Secondary Frequency Standard 


Accuracy: 
Within + .001% normal room tempera- 
ture. 

Output: 
Controlled frequencies of 100 kc, 10 ke, 
1 ke, and 100 cps. Internal impedance 
approx. 200 ohms. 

Wave Shape: 
Sinusoidal only. 4% distortion into 5,000 
ohm load. 

Power Supply: 
(100C and 100D) 115 v, 50/60 cps, regu- 
lated to minimize line voltage fluctua- 
tions. Power drawn approx. 150 watts. 

Mounting: 
(100C and 100D) Cabinet or relay rack. 
Panel 19” x 10%”. 12” deep. 









1 Data Subject to Change Without Notice 





The new -hp- 100C and 100D Sec- 
ondary Frequency Standards incorpor- 


- ate all the features of the time-tested 


-hp- models 100A and 100B, plus 
important new advantages including 
rectangular wave output, timing pips, 
and an internal oscilloscope for con- 
venient frequency comparison. The 
-hp- 100D may be conveniently 
standardized against station WWV 
with a minimum of external equip- 
ment, and thus provide most of the 
advantages of an expensive primaty 
standard. 


Crystal Controlled Frequencies 


The new -/p- Models 100D and 100C 
employ a crystal-controlled oscillator 
and divider circuits offering a new 
high in stability and simplicity of 
operation. Standard frequencies are 
available through a panel selector 
switch, and may be employed simul- 
taneously. Internal impedance is low 
(about 200 ohms), so that standard 
frequencies can be delivered at some 
distance from the instrument. 

The -/p- 100D Secondary Frequen- 
cy Standard offers sine waves at 5 
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frequencies and rectangular waves at 
4 frequencies, plus a built-in oscillo- 
scope. The instrument also provides a 
timing comb with markers 100, 1,000 
and 10,000 microsecond intervals. 
Rectangular wave output has a rise 
time of approximately 5 microsec- 
onds. Accuracy is 2 parts per million. 


5 v. at all Frequencies 


The more moderately priced -hp- 100C 
Standard offers sinusoidal frequencies 
at 4 crystal-controlled frequencies 
and, like the -4p- 100D, provides 5 
volts of output at all frequencies. 
Accuracy .001%. 

Both models operate from a 115 v. 
ac power supply, and power is regu- 
lated to minimize power line voltage 
fluctuations. 


Get full details... see your 
-hp- representative or write 
direct... today! 


HEWLETT-PACKARD CO. 
1977C Page Mill Road @ Palo Alte, Calif. 
Export: FRAZAR & HANSEN, LTD. 

301 Clay Street, San Francisco, Calif., U.S.A. 
Offices: New York, N. Y.; Los Angeles, Calif. 
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This installation of twenty-inch valves 
in the water system to one of the large oil 
refineries in Louisiana is another example 
of R-S time-saving efficiency. Such ease of 
operation is an important consideration 
in any pumping operation and especially 
where a battery of synchronous driven 
pumps discharges into a common header. 
Burned-out motors at start-ups can be 
practically eliminated. 


R-§ Valves 


Substantial savings in pumping power 
result due to the low pressure drop. The 
beveled vane ordinarily seated at a 12!/° 
angle means greater control rangeability 
either manual or automatic and no down- 
time for cleaning. 

Install easily operated R-S Valves and 
obtain the most from your valve investment. 
Your local R-S representative is a valve 
expert—know him well. 













R-S PRODUCTS CORPORATION 
4600 Germantown Avenue, Philadelphia 44, Pa. 






No. 798—Thirty-six inch and eight-inch R-S heavy duty 
valves of R-S "H" Metal at elevated temperatures for 
foundry cupola control. When the larger valve is wide 
open, the smaller valve is fully closed and vice versa. 
Slow operation is required, hence the motor operator 


An S. Morgan Smith Company Subsidiary 








No. 735—72-inch 125-pound "H" Metal R-S Valve for 
elevated temperatures. Valve is equipped with dual 
cooling fins. Oil cylinder and positioner utilizes 200 
psig oil and 0-15 psig instrument air. Positioner cam 
driven simulating straight line semi-log control curve. 
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MEASURE TWO INDEPENDENT FLOWS: The Hagan 
Ring Balance Dual Ring Flow Meter will record 
two rates of flow on one chart, as, for example, 
steam flow and air flow, or gas flow and air flow. 





MEASURE TWO FLOWS SEPARATELY, ADD AUTO- 
MATICALLY: The Hagan Ring Balance Dual Ring 
Flow Meter will record flows from two separate 
lines, and integrate and record the total flow. 








MEASURE TWO FLOWS SEPARATELY, SUBTRACT 
AUTOMATICALLY: For split flows, The Hagan 
Ring Balance Dual Ring Flow Meter will meas- 
ure the main flow and the flow through one 
branch, record these flows and the difference 
between them, (this difference being the flow 
through the second branch), and will integrate 
any two flows automatically. 





and 
here are 
four 

typical 
applications: 

















The Hagan Ring Balance Dual Ring Flow Meter 
may also be compensated automatically for 
temperature and pressure factors. 








FLOW MEASUREMENT CORRECTIONS AUTOMATI- 
CALLY MADE ON BASIS OF GRAVITY OR DENSITY: 
One unit of the Hagan Ring Balance Dual Ring 
Flow Meter measures flow, the other measures 
gtavity of a liquid or gas density. Records may 
show corrected or uncorrected flow rates, grav- 
ity or density measurement, with automatic 
integration of cither flow rate. 







For information on how Hagan Ring Bal- 
ance Meters can solve your particular metering 
problem, write to Hagan Corporation, Hagan 
Building, Pittsburgh 30, Pa. 





HAGAN CORPORATION 


RING BALANCE FLOW AND PRESSURE INSTRUMENTS 














‘THRUSIORQ FORCE MEASURING DEVICES 
BOILER COMBUSTION CONTROL SYSTEMS 
METALLURGICAL FURNACE CONTROL SYSTEMS 
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4 ways to know your 
combustion efficiency) 


The ever-increasing pressure for fuel economy makes some type of “combustion guide” instrument e 
essential part of any modern fuel burning operation. Hays offers the most complete line of such instrye 
ments in the industry—adaptable to your cost_and engineering requirements. Your particular needs with 
regard to price, accuracy, speed of response, etc., will determine your choice—however, whatever you 
needs, Hays has the instrument. 











Select your combustion guides from the most complete line in the industry 


Measures fundamental indi- 
cator of combustion efficiency 
— Oxygen. Electronic in oper- 
ation, with all of the most 
advanced features incorpo- 
rated into its design, it is ap- 
plicable not only to power 
plant conditions but also to 
a host of process problems 
such as -catalytic crackers, 
open hearths, process heaters, 
inert gases, etc. 


PRINCIPLE 


Based on paramagnetic (attracted 
by magnetism) properties of oxy- 
gen. All other gases usually en- 
countered are slightly diamagnetic 
(repelled by magnetism). 


PEATURES 

Highly sensitive to change in O2 
comtent 

Rapid response to change in O2 
content 

Electrically operated 

Electronic type recorder 

Temperature controlled 

Pressure compensated 

No liquid or gaseous fuel required 
to be added 

No chemicals 

High accuracy maintained 

Not affected by wide change of gas 
flow rate 

Continuous sampling and recording 

Glass and corrosive resistant sam- 
pling system 

Remote mounted analyzer 

Remote mounted recorder 

12° 24-hour chart 

O: recorder and indicator 

4 records on same chart possible 

Low maintenance 





Meter incorporates all of the 
construction and manufactur- 
ing ideas which Hays has 
developed during many years 
of experience in gas analysis. 
A deluxe instrument, the 
Condu-Therm CO: Analyzer 
is especially applicable to the 
larger boiler plants and to in- 
dustrial processes. 


PRINCIPLE 
The principle of operation used in 
the Hays ndu-Therm Meter is 
that of thermal conductivity of 
gases, i.e., that all gases conduct 
heat at different rates. 


FEATURES 


Electrically operated 

Electronic type recorder 

Temperature oontrolled 

Humidity controlled 

No chemicals required 

No moving parts in analyzer 

Continuous sampling 

No drying agent required 

Easily installed glass and corrosion 
resisting sampling system 

Not affected by wide change in gas 
flow rate 

Rapid response 

High sensitivity 

Continuous recording 

Remote mounted analyzer 

Remote mounted recorder 

12” 24-hour chart 

CO: Recorder and Indicator 

As many as 4 records on same chart 

Low maintenance 





Hundreds of these meters 
have been in operation for 
many years in all types of 
plants burning all kinds of 
fuels and saving thousands of 
fuel dollars. 


PRINCIPLE 


Operates on Orsat principle of Vol- 
umetric_ measurement and chemical 
absorption. Extremely simple: sam- 
ple of flue gas trapped and accurately 
measured; passed through chemical 
which removes CO2 component of 
gas mixture. Sample is re-measured, 
volume compared to original sam- 
ple. Difference before and after 
absorption gives exact percentage 
of CO: absorbed by chemical. 


FEATURES 

Low price 

Water operation 

Pressure and temp. compensated 

Volumetric determination 

Chemical absorption 

2 minute operating cycle 

Easily understood 

Rugged construction 

Low maintenance 

Available in 6 remote mounted 
types and 3 integral types 

Remote or integral mounting 

10° 24-hour chart 

Available for: (a) COz only—re- 
cording with or without indicator 
(b) CO2z and flue gas temperature 
recorder combined (c) COs, draft 
or flue gas temperature recorder 
combined 





Provides a QUANTITATIVE 
guide to efficiency — deals 
with quantities of air and 
steam; by contrast CO: and 
Oz meters are QUALITA- 
TIVE guides since they deter. 
mine directly quality of com- 
bustion gases. Both Boiler 
Efficiency Meter and Gas 
Analysis Meter are used to 
obtain advantages of both 
methods. 


PRINCIPLE 


Pounds of air required to burn each 
penne of coal vary widely with 

eating value of coal; constant 
weight of air is required to produce 
same Btu. Similar relationship exists 
when oil and natural gas are used 
as fuels. Record of steam flow is 
assumed to be Btu's produced; rec- 
ord of air flow is calibrated to flow of 
air required to generate that steam. 


FEATURES 


Electric operation of flow meter and 
ait flow recorder : 
Diaphragm type air flow measuring 
unit 

Air flow measuring element does 
no wor 

Air flow recorder—motor cpecaeed 

Adjustable cam air flow calibration 

Mercury ¢ ter—p to 
2500 psi 

Interchangeable range tubes for 
steam flow 

Remote mounted steam flow trans- 
mitter i 

No high pressure piping into panel 

Easily installed and adjusted 

Low maintenance 














Automatic Combustion Control « Boiler Panels « Hays-Penn Flowmeters 
Verifiow Meters and Veritrol « Gas Analyzers + Draft Gage 
Combustion Test Sets + CO: Recorders « Electronic Oxygen Recorden 





THE HAYS CORPORATION 


MICHIGAN CITY 8, INDIANA 
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That’s the outstanding initial performance 
record of this “cat cracker” at the Cities 
Service Oil Company’s refinery, East Chi- 
cago, Indiana. Here Consolidated Safety 
Relief Valves again proved their absolute 
protection against overpressures in process- 
ing equipment. 


Leakage under discharge piping stresses is 
eliminated because of the outside bevel seat 
and floating guide construction of these 
valves. The method of establishing the out- 
side bevel seat permits the disc to be moved 
on a radial seating surface. Complete tight- 
ness is assured in all positions within the 
deflection range, under all conditions of 
service. 


MORE THAN TWO YEARS 
WITHOUT A “TURNAROUND”! 


Designed with 25% fewer parts, Consoli- 
dated Safety Relief Valves simplify servic- 
ing, minimize standardization problems, 
reduce maintenance costs. Working parts 
cannot become misaligned — continuous 
performance is assured at the rated capacity. 


Growing defense and civilian needs are 
crowding refinery capacity. So—depend on 
Consolidated Safety Relief Valves to help 
you stretch the time between turnarounds. 
There’s no better valve investment to safe- 
guard life, property and continuous produc- 
tion. Your local distributor will gladly tell 
you all about these economical, long-life 
safety relief valves. 


LIDATED <=":-= VALVES 


A product of MANNING, MAXWELL 
MAKERS OF ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, 
VALVES, 'ASHCROFT' GAUGES. BUILDERS OF "'SHAW-BOX"' 


OTHER LIFTING SPECIALTIES. 


& MOORE, 
‘AMERICAN’ INDUSTRIAL INSTRUMENTS, 
CRANES, 'BUDGIT' AND ‘LOAD LIFTER' HOISTS AND 


INC. TULSA, OKLAHOMA 
"HANCOCK' 
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HIGH-SPEED PHOTOGRAPHY 


VISCOSITY MEASUR 
ACCURACY: 1 PART IN 100,000 (OR BETTER) .001 % gt Paras 
‘ RADIATION COUNTING 


FLUID FLOW REC 
CHEMICAL REACTION 
scwoot us 
RATORIES 
The controlling unit of these frequency standards INDUSTRIAL RESEARCH 


is a bi-metallic fork, temperature-compensated ACCURATE SPEED CONTROL 
and hermetically sealed against humidity and vari- 
ations in barometric pressure. When combined with : 
related equipment, accurate speed and time con- | 7 ’ : 
trols are afforded by mechanical, electrical, acous- 


tical or optical means. 
























Instruments of our manufacture are used exten- ™~ The I 

sively by industry and government departments on ) or temy 

deen er rk as bomb sights and fire control. ASic unit | incorpo 

such precision wo iste in | ea 
j vail bos 

Whatever your frequency problems may be, our engi- piers available serviciny 


N construction, In ad 
neers are ready to cooperate. 


momete! 
When requesting further details, please specify the 


Type Numbers on which infogmation is desired. 


of exper 
of recor 
world fo: 
Send { 
Address ' 
Waterbu 







TYPE 2005. UTILITY UNIT 
consists of Type 2001-2 and 
booster to provide 10 watts at 
110 V at 60 cyc. Input, 50-100 cyc, 
TANDARD 
cle, 0-110 Volts. 
cle impulses. 
50-400 cycles, 45 W. 









MORE SECI 
~The meas 
against leak 


solder by in 





American Time Products, Ine. 


580 Fifth Avenue New York 19, N.Y. 


OPERATING UNDER PATENTS OF THE WESTERN ELECTRIC COMPANY 







TYPE 2111. Po 
50 W output. 0-110 V at 60 cyc. 
Input, 50-100 cyc., 275 W. 


‘ 


AUTO 
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wy | NEW SERIES 500 
|! RECORDING THERMOMETER 
| CARRIES ON THE 
BRISTOL TRADITION 


The Bristol Series 500 Recording Thermometer 
for temperatures between minus 125 F and 1000 F 
NIT incorporates every modern improvement for de- 


cycles, pendable accuracy, ease of use and convenient 
vailable 


encies, sk : 
4 In addition, it represents all the wealth of ther- 


servicing. 


mometer “know-how” gained by nearly 60 years 
of experience in building hundreds of thousands 
of recording thermometers—known all over the 
world for their high accuracy and dependability. 
Send for the new Thermometer Catalog T840. 
Address THE BRISTOL COMPANY, ! 12 Bristol Road, 
Waterbury 20, Conn. 








MORE SECURELY SEALED—TROUBLE-FREE STURDY, FRICTION-FREE CONNECTION FLEXIBLE ARMOR is interlock-type, with- 


~The measuring system is securely sealed between measuring element and pen arm stands heaviest abuse. Bulbs—plain, union 
against leakage. Parts are joined with silver mechanism is provided by strong, adjustable or socket. type —easily converted. 
solder by induction heating. links with polished stainless steel pins. 


id 








STOL 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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Doubled Output with Type H Leak Detector 


Production was doubled when the Lintern Corporation 
Berea, Ohio, adopted General Electric’s new Ty H 
Leak Detector on its manufacturing line. The Leak 
Detector is used to test gasoline tanks to make sure no 
leaks exist. 

“‘The new instrument enables the company to detect 
the smallest of leaks in a tank and these can be repaired 
before the unit is shipped,’’ Lintern engineers said, 



























@ Instantly detects leaks in pressure systems’ 
@ Provides portable, lightweight inspection 


@ Eliminates immersion and storage tests 


*If the system is filled with combustible gas, write for special appli. 
cation information. 


$519.00 list price 


Order your Type H Leak Detector through your nearest GE 
Sales Office, or write Sect. 687-78, Special Products Division, Ar 








General Electric Company, Schenectady, N. Y. 


















UNEXCELLED— 
FOR DEHYDRATION 
OF INSTRUMENT AIR! 


The Pritchard HYDRYER’ 


The Pritchard HYDRYER* is unexcelled for dependable dehy- 
dration of air for instrument and process controls. Dual adsorbers 
provide continuous drying action. Standard packaged units 
designed to reduce dew points of compressed air or other gases to 
minus (—) 40°F. Only service connections are required. Specially 
designed HYDRYER* units can: be tailored to 

your individual requirements. Investigate today! 













* Registered Trade Name 


Write Today for Bulletin No. 16.0.080 


QUALITY 
Specialized Pro 


EQUIPMENT 





== 5.r.Pritchard «co. 


_ Met tsctoraen) = GOTT a hae SA 


908 Grand Ave., Kansas City 6, Mo. 





Cooling Towers 


s 
: 
= . ee | “Se . 
oes aa 


A-79 
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The WEY Precision Dial Manomelr 


rR! The W&T Precision Dial Manometer answers the problem of conveniently 
‘ measuring pressure with a sensitivity of 1 part in 10,000. 





















This sturdy, compact instrument, which is widely used for wind tunnel 
work, power plant test stands and in gas turbine testing, has a large easy-to-read 
yk dial. It is custom calibrated in any pressure units over various ranges up to a 
R maximum of 200 inches of mercury. 


In addition, the W&T Precision Dial Manometer possesses these outstand- 


4 ing advantages: 

r 

units ACCUPEEY .cccccccccccs see) part in 1000 

es to Pee Me kk on ec. AE 

cially Case ....................pressure tight, metal for flush mounting. 


Full protection against over pressure. 
Measures gauge pressure, vacuum and differential pressure. 


This instrument with its sensitive response and precision results is typi- 
cal of a wide variety of pressure instruments of all types — from low pressure 
indicators to altimeters — manufactured by W&T. If you have a problem in 
pressure measurement, write, telling us the details. We’ll be glad to help. 


WALLACE & TIERNAN 


On Ok Om Om eam) mt Oo 
ELECTRICAL MECHANISMS AND PRECISION INSTRUMENTS 
Belleville 9, New Jersey * Represented in Principal Cities 
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HOW TO CENTRALIZE. 
OPERATING DATA aud save money 


WITHOUT ENDANGERING 
YOUR PROCESS 
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In as little time as 2 seconds per point, Speedomax Multiple-Point Recorders cen- 


tralize data about temperatures or other conditions scattered throughout process units. 


one recording instrument pays off. It saves panel 

space. It lowers the recording cost per point. It 
warns of upsets in ample time for your men to act. 
It does all this . . . IF the instrument checks operating 
conditions frequently enough—fast enough. 

With Speedomax Multiple-Point Recorders, you get 
not only the inherent savings in centralized data, but 
maximum information about critical process operations. 
At the fast rate of 2 seconds per point (or 3 or 4 seconds, 
if preferred), they can whip through as many as 16 or 
20 similar variables in as little as 32 or 40 seconds. 
Where an extremely critical variable is involved, that 
point can be recorded more frequently than the others 
—in the sequence of 1, 2, 1, 3, 1, 4, 1, 5, ete. 

In addition to this recording speed, other features 


aan! operating data from process units on 


LEEDS & NORTHRUP CO. 
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give superior performance. A soundly-designed amplifier 
and electronic circuit assure unusual accuracy and sens- 


tivity over range spans as narrow as 100 F. Instrument 


performance is unaffected by vibration. The quantity 
measured may be temperature, pH, speed, weight or 
electrical load. 


The next time you want to bring temperatures or! 


other data to a central point, make sure you do it 
safely . . . by getting the speed you need to guard 
against sudden upsets. Specify Speedomax Multiple 
Point Recorders. For additional information about these 
instruments, just check the coupon and return. 








LEEDS & NORTHRUP CO. 
4955 Stenton Ave., Phila. 44, Pa. 








Please send Speedomax Catalog ND46. 
Please send information about applying Speedomax Multiple 
Point Recorders to 


(Title) 


(Firm) 


(Address) 


Tri, Ad ND46-700(1) 
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An Open Letter to Charles Wilson 


Charles E. Wilson, Director 
Office of Defense Mobilization 
Washington, D. C. 
Dear Sir: 
Your third quarterly report to the president, called “Three Keys to Strength,” directs attention to the 

that military production must be increased, that the economic stability of the nation must be maintained 
9 precluding further inflation, and that skilled-labor shortages must be overcome. Therefore, I want to di- 
fect your attention to a method for (1) increasing production, (2), decreasing costs, and (3) reducing the 


labor content of products—all at the same time. The method to which I am referring is increased use of in- 
srumentation. 

Instruments in industry relieve skilled operators, permit one skilled operator to perform many func- 
tions, and operate in general as the eyes, ears, and brains of industry. Instruments make possible the 24-hour 
operation of complex processes with minimum operational personnel. Instruments are a relatively inexpen- 
sive means by which production can be increased without increasing either the labor content of the manufactured 
article or the inflationary pressure on the economy. 

Industrial executives have recently become awave of the tremendous importance of instruments. How- 
ever, recognition of the power of instrumentation in cutting manufacturing costs, reducing waste and reiects, 
maintaining product quality, and providing greater production per man-hour, is not yet nation-wide. There- 
fore, I am not completely surprised to find no mention of instruments in your third quarterly report—despite 
the fact that no other single means can advance all the main points in your program at one time. 

Increased use of instruments for measurement and control is vital if production is to be increased simul- 
taneously with reduced labor content and manufacturing costs. An increase in instrument production might 
be less of a bottleneck than an increase in many other items because of the small amount of vital materials 
needed for instrument production. An advisor on instrumentation, operating from your office, could be one 
effective way in assisting industry with the “know-how” of instrument application to specific problems, and 
in promoting greater production of instruments. 
























Very truly yours, 
INSTRUMENTS PUBLISHING. COMPANY 
RICHARD RIMBACH, Pzblisher 


iplifier 
sensi- 


- An Open Letter to Production Men 


tht or 
Each member of the Production Staft 
res or) American Industry, Inc. 


do it} Dear Sir: 

guard You are being requested to produce 50 billion dollars of military equipment in 1952 and yet produce 
tiple} enough consumer goods to check inflation. 

these You cannot do this by increasing your labor costs; this is inflationary. You cannot do this by building 


larger plants like the ones you already have; this also is inflationary. 
mists The only way you can do the job is to increase your efficiency and production without increasing your 
labor costs. 

Fortunately, there is a way to do this. Every industrial operation can be run more efficiently by instru- 
mentation. You can cut costs, duplicate results, and reduce waste—by instrumentation. You can record your 
operations, isolate operational factors, and account for all costs—by instrumentation. 


wd The survival of a way of life depends in part on your response to the demand to produce and produce 
—without inflation. The instruments to do the job are available to you. Use them. 
= Very truly yours, 
Bi INSTRUMENTS PUBLISHING COMPANY 
RICHARD RIMBACH, Publisher 
‘o0(1) The Instruments Publiching Company feels that the message contained in the letters above is of such importance that it is currently 


running a series of twelve full-page advertisements in Dun's Review, the purpose of which is to bring this message to industrial executives and 
financiers. See page 1359 for a reprint of the ad which appeared in the July issue of Dun's Review. 
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The HUMAN FACTOR in 






INSTRUMENT DESIGN 


By LYNN S. BEALS, JR., Commander (Medical Corps), U.S. Navy. 


GENERAL 


HE phrase “Humanistic Instru- 
mentation” implies instruments 
for human use designed by oper- 
ator-oriented engineers. This is one of 
the objectives of Human Engineering, 
which is defined as the application of 
psychological, medical, and anthropo- 
logical principles as they relate to man- 
machine combinations—that is, the hu- 
man factors in man-machine systems. 
Unfortunately, human factors are 
seldom constant or independent, being 
inextricably mingled with machine func- 
tions and biologic factors. This pre- 
vents establishment of many rules or 
formulae with general applicability, and 
make Human Engineering, like clinical 
medicine, something of an art. It is 
based both on a philosophy and on an 
impressively growing body of facts. 
This article emphasizes the philosophy, 
with lesser emphasis on specific ex- 
amples of the philosophy in operation. 


THE PROBLEM 


As machines have become more com- 
plex functionally—doing more tasks 
more precisely in shorter periods of 
time—they have become endowed with 
increasing numbers of indicators and 
instruments. As a result, some ma- 
chines have become so loaded with in- 
struments that they require skilled 
operators. New functions require new 
instruments, and when designers run 
out of space on a panel or console, re- 
course is to either miniaturization or 
multiple-pointer indices. Only within 
the last few years has there been appre- 
ciation for the fallacy of these ap- 
proaches, the end-point of which is the 
yielding of less and less information. 
Adding instruments or indices to an 
already over-loaded instrument panel 
only compounds the felony. 

In aviation, for example, instrument 
loading of the pilot had grown to such 
magnitude by the end of World War 
II that only a small portion of the pop- 
ulation could be trained both to fly and 
to fight simultaneously. The require- 
ments imposed by all-weather and 
supersonic flight implied additional in- 
strumentation, which could not be tol- 
erated in the already complex informa- 
tion displays of high-performance air- 
craft. 

Re-examination of the pilot task 
through job analysis indicated that the 
chief instrumentation deficiencies lay 
not in design detail, lighting, or ar- 
rangement, but in that information 





Presented before the New Jersey Section, ISA, 
April 3, 1951. Subject report is cleared for pub- 
lication by the Office of Naval Research. 
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Instrument dials and control knobs 
can be improved and made more 
useful by careful analysis and de- 
sign of size, resistance to motion, 
grouping, direction of motion, num- 
bers, letters, pointers, and scale 
divisions. The analysis involves 
psychological, medical and anthro- 
pological factors. 











was seldom available in an immediately 
usable form. This is not to say that 
design details are trivial, but the fun- 
damental problem is determining what 
kinds of information are needed and 
how it can be displayed best to coincide 
with natural patterns of understanding. 
Solution to the latter problem involves 
investigation of sensory, motor, and 
intellectual capacities, and the discovery 
of displays and controls to which the 
average operator can react with great- 
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Fig. 1. Closed-loop man-machine system. 
est speed, accuracy, and convenience. 
These results translated into design 
practice achieve a “hardware” product 
which does not overload the psycholog- 
ical and physiological resources of the 
operator. 

In military aviation, it has been the 
custom to regard the pilot as a highly 
mobile, reliable, and relatively low-cost 
computer with an almost infinite capac- 
ity to solve many complicated problems 
simultaneously. Increased performance 
of aircraft required supplying the pilot 
with more precise data, more scale 
range, and a greater quantity of total 
information. As a result, panels be- 
came choked with instruments and the 
instrument faces in turn became choked 
with multiple indices, until finally the 
accuracy of interpretation was com- 
promised by the complexity of presenta- 
tion. 


INSTRUMENTATION ANALYSIS 


The initial premise in the analysis of 
aircraft instrumentation was that low- 
ering the instrument load would allow 
more of the pilot’s resources to be di- 
rected toward the military mission of 


his flight. The corollary of this jg that 
in the operation of any machine, redye. 
tion in load permits using less-skilled 
operators. 

The basic concept was that the pilot 
(or operator) is one of four “boxes” 
in a closed-loop system in which the 
other three boxes are the machine, the 
instruments, and the controls (Fig. 1) 

One obvious technique for reducing 
operator load is automatic control, 
Part of the aircraft problem, there. 
fore, has been to determine how much 
of the function previously assigned 
to the operator could be made auto. 
matic within the machine. 

As automatic functions and controls 
are generally impractical in aircraft 
because of size and weight limitations, 
the main problems stem from the indi- 
cating instruments. Information pro- 
vided by the instruments sometimes 
is not in an immediately useful form 
for reasons such as: 


1. A number of indications must be | 


combined, integrated, or substituted in 
a formula before a pilot judgment can 
be made. 

2. A numerical indication must be 
compared with some independent stand- 
ard in order to get a qualitative descrip. 
tion of machine condition. 

3. Most symbolic displays have little 
relation to past experience or inherent 
patterns of comprehension, and depend 
on purely artificial references. 


DESIGN PHILOSOPHY 


The objective of correcting the de- 
ficiencies led to a general philosophy 
of “functional” instrument design— 
namely, that instruments shall: 

1. Provide all data in immediately 
useful form without requiring pilot cal- 
culation which could be performed be- 
hind the panel. 

2. Provide specific numerical infor- 
mation or qualitative indices where re- 
quired, performing comparisons with 4 
standard behind the panel. 

3. Present graphic, pictorial, or sym- 
bolic displays in a manner that assures 
responses with minimum pre-indoctri- 
nation or instruction. 

Note that the term: “functional” is 
used instead of the more familiar term 
“standardized.” This seems appropriate 
because “standardized” implies a fixed, 
permanent, and static arrangement. As 
machine capacities are continuously 
being extended by engineering advances, 
and as new functions are being added 
to existing machines, it is unrealistic 
to adhere blindly to routine or standard 
designs. The term “functional,” on th 
other hand, implies that the instrumet 
tation matches the extended capacities 
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of machines, and that new functions 
are integrated into the instrumenta- 
tion as well as into the machine. The 
philosophy of design and the method of 
solving instrument problems can and 
should be standardized. Ty 
The problem is based on determining 
what sort of controls can be made auto- 
matic and how best to present the infor- 
mation ‘required for the operator. Im- 
plicit in this determination is what the 
operator is required to do with, before, 
after, or over-and-above the automatic 
controls. This sort of open-ended equa- 
tion in man-machine systems represents 
a duality of control and introduces a 
new set of complications to which no 
general solution has been found. Each 
new situation must be appraised sep- 


arately. 
CONTROLS 


The problem of control design is not 
as large as for the indicating instru- 
mentation. There is, however, a definite 
get of general principles governing 
control design, with the goals of: 

1, Assuring accuracy, speed, and re- 
liability with minimum physical de- 
mands on the operator. 

9. Assuring correspondence between 
control and indicator direction. 

3. Functionally grouping controls, 
based on such criteria as frequency of 
use, importance of function, and rela- 
tionship to instrument indices. 

There are some accepted research 
results bearing on control design. These 
results should be examined before ap- 
plication to assure that the context of 
the research parallels the operational 
situation. As a step in the direction of 
making detail data available to profes- 
sional groups, the Human Engineering 
Division of the Special Devices Center 
has prepared and distributed among 
the Federal agencies a “Handbook of 
Human Engineering Data for Design 
Engineers.”! This volume can be ob- 
tained at nominal cost from the con- 
tractor—Tufts College, Medford, Mass. 
Another source is a volume entitled 
“Applied Experimental Psychology,” by 
Morgan, Garner and Chapanis.2 This 
latter volume contains material gath- 
ered during research by Johns Hopkins 
University Systems Research Labora- 
tory under contract to the Special De- 
vices Center. Channell and Tolcott? have 
indicated how human-engineering data 
can be put to use in equipment-design 
problems. 


DESIGN AND LOCATION OF CONTROLS 


Many machines contain crank or 
winding controls for entering informa- 
tion into equipment. Large, coarse en- 
tries as well as finer, more precise 
adjustments may be required. The ele- 
ments of design in this problem lie in 
selection of proper size, winding speed, 
and resistance of the cranks to assure 


quick and accurate machine adjust- 
ments, 


Size—Although solutions vary some- 
what, depending on certain character- 
istics of each problem, it can be said4 
that the best radius for winding han- 





dles is 3 to 4 inches, and that the opti- 
mum winding speed is of the order of 
100 to 200 rpm. The value of the speed 
recommendation applies only in case of 
fixed speed, or of a speed range less 


than 2:1. When speed ranges exceed 
2:1, two gear ratios should be consid- 
ered. In the crank problem, three pos- 
sible positions might be (1) an “in” 
position for rapid slewing of the dials 
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Fig. 2. Satisfactory relationships between 


control and indicator movement. 
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Fig. 3. Optimal designs for critical letters 
and numbers. 


OVERHANGS 


in either direction, (2) an “out” posi- 
tion for finer adjustment, and (3) a 
mid- or off position to prevent accidental 
change. 

Resistance——The question of fric- 
tional resistance has not been settled. 
Although Hick5 states that friction has 
adverse effects on speed of winding if 
repeated operation is required, Orlan- 
sky’s survey® suggests that some fric- 
tion is desirable for smooth positioning. 
This apparent conflict is not serious. 
Sophisticated interpretation, whether 
by designers or by human engineers, 
demonstrates that recommendation for 
frictional resistance must reflect a com- 
promise between smooth operation and 
operator fatigue. 

Grouping.—F unctional grouping of 
controls has its greatest usefulness for 
controls which are activated simultane- 
ously or in rapid succession. Time and 
motion studies in each new design must 





be used to establish the optimum ar- 
rangement. Industrial studies by Mun- 
del? and Barnes® have verified the 
importance of grouping controls for 
motion economy and of distributing con- 
trols between right and left hands. In 
addition to these criteria, McFarland® 
has emphasized control location de- 
termined by importance and frequency 
of use. 

When controls are located close to- 
gether, the probabilities of selection 
error arise—particularly under stress. 
If discrimination between controls de- 
pends on touch, a separation of at least 
six inches is desirable for controls lo- 
cated at arm’s reach in front of the 
body!®, About 12 inches is required 
for such discriminations to the side or 
rear of the body, or above shoulder 
height. 

Color and shape coding can be em- 
ployed to reduce error. Training which 
emphasizes certain motor skills or pat- 
tern of skills may be another technique 
to reduce operator errors—particularly 
in existing equipment which is not of 
the best design. 

Direction of motion.—Once the nature 
of a control and its location have been 
determined, there occurs the problem of 
selecting in which direction it shall 
move. As most controls affect some 
indicators, the relationship between the 
two is described as “correspondence.” 
Vince!! found highest accuracy of per- 
formance when control movement is in 
the “expected” direction relative to the 
indicator. Warrick!2 stated that prefer- 
ence exists for control and indicator to 
move in the same plane and in such 
fashion that the part of the control 
nearest the indicator moves in the same 
direction as the indicator (Fig. 2). 
Warrick’s indicators were only a row 
of lights, but many of his problems 
relate to controls for moving pointers 
on dials or for rotating dials past fixed 
reference marks or apertures. In these 
cases, clockwise control movement 
should provide increased indicator read- 
ing, and vice-versa. 

If the dial has a moving pointer, its 
clockwise movement should indicate in- 
creased reading. Therefore, it is rec- 
ommended that control and pointer 
move in the same direction. 

The toggle-switch has not been af- 
forded the dignity of research, but due 
to widespread experience, upward move- 
ment is expected to put it in an “on” 
position. 


DESIGN OF VISUAL INDICATORS 


An important factor in visual indi- 
cator design, regardless of function or 
display, relates to letters, words, and 
numerals. Quantitative data may be 
displayed on direct-reading counters or 
scales requiring interpolation; even a 
signal light usually has an identifying 
label. Controls also must be labeled. 

Specifically,-some of the research re- 
sults as to legibility of letters are as 
follows (Fig. 3): 

1. B & D need overhangs. 

2. C & G should have well-marked 

Continued on page 1337 
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OST modern control systems 
M use proportional response, 

whereby the valve or other 
controlling final element is moved an 
amount proportional to the deviation of 
the controlled variable from the de- 
sired value, or control point. For high- 
sensitivity control—that is, where the 
proportional band, or range of the vari- 
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“Balanced” and “Variable-linked’ 
AUTOMATIC RESET 


By CLIFFORD H. 


GEST, American Potash & Chemical Corp., Trona, Calif.* 


in serious droop, or deviation from the 
control point, and can make propor- 
tional control valueless in many appli- 
cations. 

An operator can remove droop by 
changing the set point of the controller 
to correct the condition. By moving the 
control point, the operator moves the 
proportional band of the instrument. 


vide proportional plus reset action, as 
shown in Fig. 1 (A). Chambers 4 B 
C, and D are isolated from one another 
by diaphragms which are attached to 
the stem. With no pressure in B and 
C and no tension on the spring, pres. 
sure into A depresses the stem against 
the spring, thus allowing air to enter D 
until the pressure in D is the same as 
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(D) 


Fig. 1.—Pneumatic controllers. (A), Diaphragm-chamber and pilot-valve relay for pro- 
portional plus reset; (B), proportional plus balanced reset; (C), nozzle and flapper type relay 
for proportional plus reset; (D), proportional plus balanced reset. 


able through which the control mecha- 
nism is moved from one extreme to the 
other, is narrow—the proportional form 
of control is satisfactory when demand 
varies. A small deviation from the con- 
trol point then adjusts the control 
mechanism sufficiently to compensate 
for the changed demand, and the varia- 
tions in temperatures or flow are not 
serious. However, if a wider propor- 
tional band (lower sensitivity) must be 
used because of overcontrol and cycling, 
then changes in demand do not produce 
sufficient control action. This results 





*For a general article—with 17 illustrations 
—on the instrumentation of this huge plant, 
see “Measurement and Control at Trona’’ by 
the same author, Instruments, Dec. 1949, pages 
1155-1160.—Ebp. 
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However, another change in demand 
makes another setting necessary, and 
some of the advantages of automatic 
control are lost by the increased per- 
sonal attention required. 


AUTOMATIC RESET 


In order to relieve the operator of 
the necessity for resetting his control 
index during periods of changing de- 
mand, the control response known as 
automatic reset is incorporated in many 
modern controllers. This device auto- 
matically moves the proportional band 
of the instrument to return the variable 
to the control point. , 


In one form of pneumatic controller, 
use is made of pneumatic relays to pro- 


that in A. The stem then is returned 
to its normal position by the spring. 
Thus, the device acts as a one-to-one 
pressure relay, and control is of the 
proportional type. 

The adjustable bleed from D to C 
introduces automatic reset into the con- 
trol system. An upward tension equiva- 
lent to the instrument control pressure 
when the variable is at the control point 
(normally about 15 psi.) is placed on 
the spring. When the variable is a 
the control point, the pressure in A 
balances the upward tension in the 
spring and the stem is in a neutral 
position, holding in C and D a constant 
pressure of any value within the cot 
trol range. As the variable is at it 
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“Balancing” the automatic reset circuit when the process variable is outside 
the proportional band permits reset to be used on start-ups and decreases overshoot. 
“Linking” the reset to the proportional band so that reset action stops when the 
control limit is reached permits severe load conditions to be handled without exces- 


In a private communication to the editor, Mr. Gest asserts that “both forms of 
improved automatic reset have been in use at Trona since 1949 and have exceeded 








control point, a steady state of control 
is reached, but the control pressure 
in D may or may not be the same as in 
A. If the variable changes in value, 
the controller transmits a new propor- 
tional pressure to A, and the balance 
between A and the spring is upset. The 
stem then acts to adjust D to make up 
for the unbalance. This is proportional 
action. However, the correction intro- 
duced into D slowly bleeds into C and 
the relay becomes unbalanced again. 
Thus the action started by the original 


of the needle valve until the variable 
is returned to the control point (pres- 
sures in the two bellows equal) or until 
one of the limits of control pressure 
is reached. The effect is to move the 
proportional band fifty percent of its 
width up or down on the scale of the 
variable. 


LIMITATIONS OF NORMAL RESET 


Reset is valuable in the control of 
continuous processes and has found 
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A is repeated and added at D. The 
reset rate can be adjusted by means of 
the needle valve; the more nearly closed 
the valve, the slower the reset rate. 
Another type of controller uses a 
nozzle and flapper. In this controller, 
automatic reset is incorporated in the 
instrument itself rather than by use of 
a multichamber relay. As shown in 
Fig. 1 (C), a bellows is used to vary 
the relationship of nozzle and flapper. 
This is the left-hand bellows; the right- 
hand bellows is the sensitivity-reducing 
bellows. The relay is reverse-acting. 
Normally, the position of the nozzle or 
flapper is adjusted so that the propor- 
tional band is symmetrical about the 
control index, and the pressure within 
the bellows is half the control range 
(approximately 10 psi.). A steady out- 
put pressure can be obtained only when 
the pressures in the two bellows are 
equal. In other words, a steady-pres- 
sure state can be maintained only when 
the variable is at the control point. 
The pressures on both sides of the 
needle valve are then equal and remain 
so until the variable leaves the control 
point. When this occurs, a proportional 
change in the output pressure occurs, 
and the sensitivity-reducing bellows 
adjusts the nozzle to a new position. 
However, the changed pressure leaks 
through the needle valve, and the reset 
bellows readjusts the position to in- 
crease the original output pressure 
change still further. This action con- 
tinues at a rate adjustable by means 
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Fig. 2.—Graph showing how the propor- 
tional band is shifted by reset action. 


wide application in industry. However, 
a study of reset action in pneumatic 
controllers shows that this action con- 
tinues until the variable returns to the 
control point. This ordinarily leads to 
overcorrection for sharp changes in 
demand on the control system (“reset 
overshoot”). If the control pressure is 
at neither extreme, the return to the 
control point is started within the pro- 
portional band. The proportional re- 
sponse then changes the control pres- 
sure in opposition to the continuous 
reset change, and the overshoot either 
is not serious or can be removed by 
use of rate action. However, if the 
variable is outside the proportional 
band for an appreciable time, or off the 
control point for a long time, the pres- 
sure in the reset bellows (chamber C 
in Fig. 1 A) reaches one extreme or 
the other, and the proportional band 
is displaced 50 percent of its width in 
a direction opposite to the deviation of 
the variable. When this occurs, no 
change in control pressure results from 
approach of the variable to the control 
point until it reaches the control point, 
and the variable arrives at the control 
point with the control mechanism in one 
extreme or the other. This condition, 
termed “reset lock-up” results in a 


100 


large overshoot before the process 
steadies out: The slower the rate of 
reset, the greater the length of time 
required for the reset bellows or relay 
to come to a balance with the rest of the 
system. 

The overshoot caused by reset nor- 
mally is not serious enough to be ob- 
jectionable in a properly-designed con- 
trol system for a continuous process. 
In a discontinuous or batch process, 
however, it often results in over-shoots 
which render use of reset impossible. 

Fig. 2 shows what takes place in 
normal reset. The control pressure 
(0-100 percent of the control range) 
is shown as a function of the measured 
value of the variable. The “normal 
proportional band” is the one obtained 
without reset. Point C is the control 
point. The upper and lower propor- 
tional bands refer to the limits to which 
the reset function can shift the propor- 
tional band. With the proportional 
band in its upper position (as it would 
be when the variable has been below 
the control point—as at “A”—for a 
considerable length of time) no control 
action can be expected from a rising 
variable until the valve reaches C, the 
lower limit of the displaced propor- 
tional band. This means that no con- 
trol action begins until the control point 
is reached. This causes overshoot. 


“BALANCED” RESET 


Study of the problem of a start-up, 
as in a batch process, indicates that 
some means should be developed where- 
by the control system enters the origi- 
nal proportional band with the reset 
system balanced and prepared to act 
in its normal manner, rather than 
locked up. Normally, a correctly-tuned 
system, with reset, particularly if it 
includes rate action, is returned to the 
control point from any point within its 
proportional band without serious over- 
shoot. For the solution of most start- 
up problems, therefore, it is sufficient 
to have the proportional band in its nor- 
mal position, so that as the variable 
approaches the control point, it enters 
the proportional band. Proportional 
control then is exercised with reset 
starting from scratch, so to speak. The 
position of the proportional band is 
determined by the pressure within the 
reset bellows, or chamber C of the relay 
(Fig. 1A). Therefore, if this pressure 
is held at its normal value whenever 
the variable enters the original propor- 
tional band, normal reset control is ob- 
tained on a start-up. Rate action can 
be used to minimize overshoot. 

Figs. 1(B) and 1(D) represent meth- 
ods of attaining the desired balance in 
the bellows and nozzle types of reset 
systems. In Fig. 1(B), one of the two 
pneumatic snap-action limit valves 
opens at an air pressure corresponding 
to the upper limit of control. The other 
opens at a pressure corresponding to 
the lower limit of control. Pressure in 
A is assumed to be proportional to devi- 
ation. The control range usually is 5- 
25 psi. When the variable reaches either 
limit of the normal proportional band, 
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Fig. 3.—Methods for obtaining variable-linked reset action for (A) pilot-valve type controller, and (B) nozzle and 


baffle controller. 


therefore, reset Chamber C (Fig. 2), 
is returned to X psi. and the danger of 
lock-up is removed. Note that no change 
in control action results from this bal- 
ancing, because proportional action pro- 
duces full control action at this point. 
This applies also to the nozzle and flap- 
per type of reset controller. 

When the variable enters the propor- 
tional band, the limit valve which was 
open is now closed, and normal reset 
action starts to bring the variable to 
the control point. If the approach is 
too fast, rate action can be used over 
half the proportional band. This also 
applies to nozzle and relay type control. 

In the nozzle and relay type, a pro- 
portional source of air pressure is not 
as available as in the relay type of 
reset. However, limit switches which 
are set at the upper and lower limits 
of the proportional band can be used. 
These switches actuate the solenoid 
valve to deliver 10 psi., or normal pres- 
sure, to the reset bellows whenever the 
variable is outside the proportional 
band. 

In another type of pneumatic reset 
device, the reset bellows is filled with a 
liquid. The balancing pressure can be 
introduced around the reset bellows to 
produce the same effects. Modifications 
can be introduced easily into electrical 
systems to achieve the same effect. 

For most batch or discontinuous proc- 
esses, the “balanced start” described is 
sufficient to remove objections to the 
use of reset. Although reset begins to 
function immediately, the rate of pro- 
portional band shift is less than the 
rate of increase of the variable, and 
control action begins. Rate action then 
ean be used to bring the variable 
smoothly to its proper value. 


““VARIABLE-LINKED” RESET 


The system of “balanced reset” oper- 
ates only when the approach to the 
control point is made from a value out- 
side the normal proportional band. Dur- 
ing prolonged overload, the control 
system may reach the limit of its abili- 
ties with the variable still within the 
normal proportional band. Under these 
conditions, the conventional reset sys- 
tems continue to move the proportional 
band to one limit or the other. This 
action introduces a dead spot in the 
controller, which causes overshoot when 
the overload is corrected. Referring to 
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Fig. 2, an overload may have held the 
variable to a value of X even though 
the control system was at its limit. Reset 
acts to move the lower limit of propor- 
tional band from B past X to C. If the 
overload is removed and the variable 
approaches the control point, C, no con- 
trol action takes place until C is 
reached. Thus, a dead spot extending 
from X to C is introduced by reset 
action. Had the proportional-band shift 
been stopped when the lower limit 
reached X, the control system would 
still be at its limit (the variable at the 
edge of the proportional band), but the 
rise in the variable could be recognized 
immediately—that is, the dead spot 
would be eliminated, and corrective ac- 
tion initiated. The problem, then, is 
how to stop the shift of the proportional 
band when one limit or the other 
reaches the value of the variable. This 
can be accomplished by additional equip- 
ment within the controller. When this 
is done, the “balanced reset” is no 
longer required on start-up because one 
edge of the proportional band follows 
the variable within the limits of twice 
the normal proportional band, and re- 
mains at the limit until the variable 
again enters the band. In other words, 
the position of proportional band is 
“linked” to the value of the variable. 


THE IMPROVEMENTS 


One method of limiting the propor- 
tional band shift is to stop the reset 
action when the control limit is reached, 
and thus prevent it from generating 
the dead space. A positive lock, how- 
ever, results in a new dead space if the 
variable continues to deviate from the 
control point. The systems to be de- 
scribed, which use “variable-linked” 
reset, keep any dead spot from devel- 
oping because they not only stop travel 
of the proportional band when its edge 
reaches the value of the variable, but 
displace it against normal reset if the 
variable deviates still further from the 
control point. When control is regained, 
as evidenced by movement of the vari- 
able toward the control point, the con- 
trol system becomes a normal reset 
controller. 

In Fig. 3 (A), R is the original relay 
with reset. Relays K and L act as pres- 
sure controllers when the output from 
R exceeds the control limits (5-25 psi.). 
The output pressures from K and L 


are used to modify the output of relay 
M, and hence the pressure in chamber 
B of relay R. Thus the pressure de. 
livered by R always is held within the 
control limits, and the control system 
always is prepared to act. Valve y 
controls the rate at which the edge of 
the proportional band is allowed to 
follow the variable. This provides for 
entry into the proportional band, 
Fig. 3(B) represents the application 
of “variable-linked” reset to the noz- 
zle and baffle type controller. Regulat- 
ors A and B adjust the pressure within 
the reset bellows whenever the con- 
troller output exceeds the control limits 
of air pressure for the system (usu- 
ally about 2-16 psi.). Leakage through 
the upper reset valve is exhausted either 
through B or the through the relay 
valve, depending on the differential 
across it. Although two regulators 
(A and B) are shown, they can be re- 
placed with a pressure-actuated three- 
way valve which has a dead spot cover- 
ing the control range. Lower valve V 
controls rate of return of the propor- 
tional band to normal reset position. 


CONCLUSION 


The developments are the result of 
difficulties experienced with discontinu- 
ous processes in bulk chemical manv- 
facture, primarily due to periodic plant 
or equipment washouts. Reset response 
is needed in many of these processes, 
but cannot be used in its simpler form 
because of serious overshooting. As 
local opinion is that “it isn’t truly aute- 
matic if it has to be started manually,” 
the “balanced reset” has been developed 
and, applied to such problems, and has 
proved to combine the advantages of 
proportional start-up with automatic- 
reset operation. 

The “variable-linked” reset is a more 
general development to include sudden 
cut-off after periods of mild overload, 
or sudden heavy loads supplied after 
prolonged periods of underload. It han- 
dles start-ups also. For start-ups which 
are controlled with difficulty, the fact 
that this system is able to displace the 
proportional band 50 percent of its 
width makes it still more valuable than 
balanced reset. This is because control 
action can be started 100 percent of the 
bandwidth below the control point, and 
there is no loss of sensitivity or reset 
response after the start-up is completed. 
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Process Instrumentation 


im The Nuclear Field 


By V. L. PARSEGIAN, 


New York Operations Office, U.S. Atomic Energy Commission 


ROCESSES and techniques used 
Pix the nuclear industry are quite 
varied. For example, the operations 
involving mining and purification of 
minerals, and fabrication of uranium, 
use techniques that are common to a 
hundred other metals industries, the 
principal difference being the extremely 
high purity to which the uranium must 
be processed. But when the uranium 
must be reprocessed after exposure in 
the atomic reactor, say to remove the 
plutonium or fission products, the ma- 
terial is so radioactive that an operator 
would not dare touch the process ves- 
sels with the proverbial “10-ft. pole.” 
The vessels, pipes, and equipment 
containing radioactive liquids must be 
confined to well-shielded cells which 
are surrounded by thick walls of con- 
crete. This area becomes inaccessible 
to the plant operator or maintenance 
man except under very special condi- 
tions. Equipment or instrument parts 
that come in direct contact with the 
liquids are difficult to decontaminate; 
when an instrument that has had con- 
tact with these fluids fails, it usually 
must be replaced by remote manipu- 
lation. As the instrument panels must 
be mounted in instrument rooms that 
are free of dangerous radiation intensi- 
ties, process instruments must be de- 
signed with the detector element in “no 
man’s land,” the meter on the instru- 
ment panel, and the connection of the 
two through a maze of concrete. 


SYSTEM NEEDED 


Measuring systems are needed which 
permit telemetering of intelligence he- 
tween radive and non-radive areas, 
without introducing gaps in the shield- 
ing system through which radioactive 
vapors can pass to the safe, or non- 
ridive, areas. Mechanical systems are 
the least desirable in this respect; pneu- 
matic systems are a popular second 
choice, and electrical systems offer 
unique but as yet not fully explored 
advantages. Similar considerations hold 
for manipulating devices. 

The process instruments measure the 
ordinary variables, such as temper- 
ature, liquid flow rate, liquid level, pres- 
sure; and composition, plus radiation 
a8 a new process variable. 


INSTRUMENT IMPROVEMENTS NEEDED 


The most significant instrument im- 
provements are needed in connection 
with detector elements for measuring 
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these variables. One can tolerate com- 
plexity at the instrument panel if the 
detector element is correspondingly 
simple, dependable, assured of long life, 
easy to replace without stopping of 
process flow, free of contact with the 
radioactive liquid, easy to standardize 
by remote devices, resistant to corro- 
sive fumes, sensitive, with no moving 
parts, and “packaged” and rugged— 
in approximately this order of decreas- 
ing importance. 

For temperature measurement there 
is needed a simple disconnect device to 
permit easy replacement of thermo- 
couples or resistance-thermometer ele- 
ments by remote manipulation. Such a 
disconnect device should withstand cor- 
rosive atmospheres for many years 
without developing “battery” effects or 
variable resistance change. 

Liquid flow-rate measurements pre- 
sent serious problems because conven- 
tional instruments require that the 
radioactive liquids pass through con- 
strictions of the meter, and make use 
of moving parts. Replacement of these 
units becomes particularly difficult and 
dangerous, and requires closing down 
of process operations. 

Liquid level can be determined with- 
out use of moving parts inside the 
fluids by making use of dielectric and 
other properties of the liquid as meas- 
ured by a pickup placed outside the 
vessel or special cell. Commercial in- 
struments are needed having ranges 
varying from a few inches to many feet; 


a range of two feet is quite common. 
Sensitivity of +1 percent of the range, 
and an accuracy of +5 percent, are 
satisfactory for most applications. 

Pressure measurements are useful for 
measuring flow rate and liquid level, 
and sometimes for solution composition 
when accompanied by changes in den- 
sity. Sensitivity requirements vary, 
sometimes requiring detection of 
changes of one-half inch of water at 
a total pressure of 50 ft. of water. 

Fluid composition measurements are 
as useful in nuclear as in other indus- 
tries, but the difficulties are more seri- 
ous. 

Remote sampling techniques require 
development of a good pump for circu- 
lating small streams of solution to 
sampling gallery. 

The presence of nuclear radiation in 
solutions offers both a hazard and a val- 
uable process variable. Unfortunately, 
not enough use is made of this variable, 
largely because good radiation-measur- 
ing instruments which are suited to 
plant conditions are not yet available. 
Detectors of the total-ionization, direct- 
current type are likely to be most use- 
ful. These detectors should be small 
enough to attach to pipes, and they 
should be designed to. measure gamma 
radiation intensity from many roent- 
gens to background, if possible. There 
is needed also a high-pressure gas cham- 
ber, or detectors of the solid- or liquid- 
dielectric type. These probably should 
be designed with a preamplifier. 

The new nuclear industry poses prob- 
lems of measurement which require the 
development of new detection techniques 
and new concepts of instrument per- 
formance and dependability. 


REFERENCES 


(1) V. L. Parsegian. ‘Instrument Needs of 
the Radiochemical Processing Plant,” Nucle- 
onics, January 1950. 

(2) V. L. Parsegian, J. S. Balderston, D. S. 
Ballantine. ‘‘Instrument Problems of the Radio- 
chemical Laboratory,’ Industrial and Safety 
Problems of Nuclear Technology (Edited by 
Shamos and Roth), Harper Bros., 1950. 































SSS ac 
Semi-radive fs 
kcontrol room |}. * 
































Oh A, PPO t 
SE <A NEA NEE ONAN) EY 











yur Primary gamma 
mm Secondary gomma 
© © Beta particles 

° Alpha particles 





—— Reduction to bock- 














DIF VT OTT TI: 


ground intensities 


h Sant z. 





Distribution of radiation in a radi pr g plant, 


November 195]—Instruments—Page 1295 








Application of Continuous 


Infrared Analyzers 





One of the leading instruments in the analyzer 
age, which already has begun, will be the con- 
tinuous infrared analyzer. Already in use on 
many industrial processes, this instrument will 
be the heart of many completely automatic 
plants of the future. This article discusses 
principles, applications, and existing problems, 











of organic compounds by means of the infrared 

spectrometer has become well established. The proc- 
ess industries have exhibited marked interest in the appli- 
cation of continuous infrared analyzers to plant streams 
to such an extent that the availability of analyzers of vari- 
ous designs is rapidly increasing. The purpose of this 
article is to discuss the theory of infrared spectroscopy 
as utilized by the spectrometer and to show how a more 
simple and rugged instrument has been developed for the 
industrial plant. The various types of non-dispersive infra- 
red analyzers will be discussed, including how an infrared 
analyzer is set up and calibrated for application to a multi- 
component system. Some of the considerations which must 
be analyzed when one is confronted with the task of ap- 
plying an infrared analyzer to a given problem will be 
discussed. 


D the last decade the analysis of mixtures 


INFRARED RADIATION 

Let us first consider fundamentals. You have all heard 
of X-rays, cosmic rays, ultraviolet rays, and you have all 
seen a rainbow, which is the splitting up of visible light 
into its various colors. All of these rays have several things 
in common. They all have electrical and magnetic compo- 
nents and travel with the speed of light. They differ from 
each other in the frequency of vibration or wavelength. 
Placed in their proper wavelength order they form what is 
known as the electromagnetic spectrum. When we speak 
of infrared radiation we are referring to that part of the 
electromagnetic spectrum which lies just beyond the red 
end of the visible spectrum. Wavelengths in this region 
are usually measured in microns, a micron being one-mil- 
lionth of a meter. The infrared region extends to about 
8000 microns, but for all present-day practical purposes 
the region is limited to about 15 microns, ie. from the 
visible spectrum ending at 0.75 micron to 15 microns. In 
laboratory circles this is referred to as the “Analytical 
Region” because most of the information pertaining to 
the analysis of functional groups of atoms is found in this 
region. An important point to remember about this region 
of the spectrum is that sources of this infrared radiation, 
whether globar (silicon-carbide rod), nernst glower, or a 
nichrome filament when heated to approximately 1100 C., 
all have a peak radiation in the vicinity of 1-2 microns, as 
shown in Fig. 1. Note that the energy rapidly decreases 
as one moves toward the longer wavelengths. Therefore, 
absorption bands found beyond 10 microns are not nearly 
as useful as those found in the 2-4 micron region. 


ABSORPTION BANDS 


Let us consider what we mean by absorption bands. As 
you know, all molecules not at absolute zero are made up 
of groups of atoms which are constantly oscillating about 
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their positions of equilibrium. These frequencies of vibra. 
tion are-of the same order of magnitude as those of infra. 
red radiation, so that if a molecule is irradiated by a beam 
of infrared, the atoms vibrate with respect to each other 
with certain preferential, or resonant, frequencies, The 
graph which is obtained by plotting the Percentage of 
radiation transmitted as a function of wavelength then 
can be interpreted in terms of intramolecular motion, The 
infrared spectrophotometer plots these areas of Vibration 
or absorption bands and, by proper study, one can obtain 

















information about intermolecular structure. Even more 
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source at 1100 deg. C. 


important, the analyst can identify molecules and measure 
their presence quantitatively. 

When the infrared spectrophotometer is used in the lab- 
oratory to analyze a sample, the light or energy is broken 
up into its various wavelengths by means of a prism or 
grating. The resultant energy transmitted by the sample 
being analyzed is measured step by step. When one con- 
siders- the high resolution obtainable in current-day spec- 
trometers, together with the low energy of the source used, 
it is immediately obvious that the resultant energy or sig- 
nal obtained from any small increment of wavelength is 
extremely small and, therefore, its measurement necessi- 
tates high amplification. Therefore, instruments which 
function reliably in laboratories are hardly rugged enough 
for installation in plant locations. 

Rather than attempt to construct spectrometers suitable 
for continuous operation in plant environment, instrument 
makers have utilized a principle which is commonly used 
in the visible range of the spectrum and which simplifies 
the instrumental requirements. Instead of separating the 
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ts various wavelengths and measuring each 
consecutively, regions in the spectrum are isolated by suit- 
able filters. Filters consist of materials which transmit 
restricted regions of the spectrum. Compared with the 
spectrometer, the instrument now measures broader bands, 
and many simultaneously, so that even minute differences 
of individual bands when integrated yield a considerably 
larger signal. Less amplification is required, and the signal- 
noise ratio is more favorable than in the spectrometer. 
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NON-DISPERSIVE ANALYZERS 


Let us now consider the various types of the non-dis- 
persive instrument which can operate outside the laboratory. 
They can be divided into two main groups. One group uti- 
lizes chopped radiation which produces a pulsing signal on a 
glective detector; the other uses a steady beam of radia- 
tion falling on a non-selective detector. A selective detector 
is one that absorbs energy of a specific region, whereas 
a non-selective detector absorbs all energy. 

The chopped-beam instruments were initially developed 
in Germany and are commonly called Luft Analyzers. The 
instrument utilizing the selective detector is called the 
“positive” type; the one utilizing the non-selective detector 
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Fig. 2. General methods of gas analysis. 


is termed the “negative” type. Fig. 2 illustrates the optical 
diagrams of the two types. 

In the positive type the radiant energy from the source 
is alternately interrupted, or chopped, by the motor-driven 
cam. A single source may be used with two mirrors rather 
than two sources as illustrated. The alternating pulses 
pass through the cells in each beam, the sensitizing cell, S, 
and the sample cell. The resultant is an alternating signal 
with a frequency equal to the speed of the chopping cam. 
The detector used consists of a gas microphone which is 
essentially a two-compartment gas cell separated by a thin 
metallic membrane which forms one side of a capacitor. 
The cell is filled with the gas to be measured. If energy 
of the proper wavelength (i.e., wavelengths where absorp- 
tion bands are found) falls on the detector, the gas ex- 
pands and thereby separates the sides of the capacitor, 
changing its capacity. Energy of other wavelengths causes 
no change in capacity. Therefore, as the concentration of 
the measured component changes in the sample cell, it per- 
mits varying amounts of this characteristic energy to reach 
the detector. The capacity changes as the concentration. 
The signal then is amplified and recorded. 

In the steady-state-type instrument, commonly called the 
hegative-filter type, the energy is divided into two paths, 
both of which pass through the sample cell. Only one passes 
through a filter cell; the other passes through a compen- 
sator cell. The value of this cell will be discussed later. 
The energy then falls on two non-selective infrared de- 
tectors, which make up opposite arms of a bridge circuit. 
The bridge is continually maintained in balance by the slide 
wire of the recorder. The filter cell F (Fig. 2) is filled 
with 100 percent of the component to be measured, while 





the compensator cell C is filled with nitrogen or a mixture 
of gases present in the sample, but whose analysis is not 
desired. When the concentration of the component being 
measured changes in the sample cell, it does not affect the 
intensity of the upper beam because the high concentra- 
tion in the filter cell effectively removes all the energy 
which this component absorbs. However, the lower beam 
is affected by the change in concentration of the meas- 
ured component, and results in an unbalance of the bolom- 
eter bridge. As other infrared-absorbing components change 
in concentration in the sample, they cause an equal change 
in both beams so that the system is not unbalanced and no 
change is recorded, provided that the bands do not over- 
lap with the bands of the measured gas. However, most 
gas systems do have components with overlapping absorp- 
tion bands. It is the elimination of this effect which gives 
the instrument engineer the most trouble. When the other 
components do have common absorption bands with the 
measured component, another cell, called the “interference 
cell,” is used. This cell is common to both beams. The inter- 
ference cell is filled with higher concentrations of the inter- 
fering components than are ever anticipated in the sample 
stream. Thus the instrument is made insensitive to energy 
changes in the regions of common absorption. 

The fundamental difference between the two systems 
is that the former, the positive-type instrument, measures 
only energy that is absorbed by the component being meas- 
ured. In the latter system, the negative-filter instrument, 
the infrared detectors measure all the energy which gets 
through the system. It is a case of measuring a large signal 
against no signal in one, and a small signal against a large 
background signal in the other. 


MULTI-COMPONENT SYSTEM 


Let us now consider the application of an instrument of 
this type for the analysis of a multi-component system 
where -all gases have common absorption bands. Engineers 
in the petroleum and chemical industries have long recog- 
nized the need for the continuous analysis of ethylene in 
the presence of ethane and methane. A solution to this 
problem has been found and has proven itself during the ° 
last two years by the satisfactory operation of a continu- 
ous analyzer for this analysis. The following description 
of how the instrument is set up for this analysis gives an 
idea of the difficulties that had to be overcome. It is evi- 
dent from an examination of the absorption spectrum of 
ethylene, methane, and ethane (Fig. 3). that any non-dis- 
persive instrument that is sensitive to one of the gases, 
also is sensitive to all three, with the most serious inter- 
ference existing between the ethylene and ethane. The only 
spectral region in which ethylene absorbs completely free 
from ethane interference is in the 5- to 6-micron region. 
The broad series of bands between 9 and 12 microns in the 
ethylene spectrum is partly overlapped by ethane. The 
usual method of desensitizing a gas analyzer to an inter- 
fering gas is to place that gas at a pressure of one atmos- 
phere in the interference cell. This method is satisfactory 
as far as the methane interference is concerned because the 
only spectral overlap is in the 3- to 4-micron region, and 
methane absorbs much less strongly in this region than 
either ethylene or ethane. The ethane interference is so 
severe, however, that an excessively long interference cell 
would be required to remove it by this method. 


As the sensitivity to ethylene is achieved by placing 
ethylene in the filter cell so that only one beam of the radi- 
ation passes through it, then any ethylene in the other 
beam (the compensator cell) will reduce this sensitivity; 
if the concentration is made great enough, it can eliminate 
it altogether. By the addition of ethane to the compen- 
sator cell, the sensitivity of the instrument changes in con- 
centrations of ethane (due to its common absorption with 
ethylene) and can be reduced and eliminated completely 
if the exactly correct concentration is used. This reduces 
the sensitivity to ethylene, but not seriously (Fig. 4). The- 
analyzer is finally set up for this problem with 100 percent 
ethylene in the filter cell, and 100 percent methane in the 
interference cell, and approximately 200 m.m. of ethane 
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Fig. 3. Absorption spectra of 


in the compensator cell. Several attempts have been made 
to work out mathematically a method for predicting exactly 
what concentration should be placed in each cell in order 
to obtain a desired analysis. For the most part the practical 
solution has been to cut and try in the analyzer at the 
time of final calibration, with calibrated gas samples, so 
that the interference caused by the background gases is 
reduced to a minimum. Cases have been observed where a 
study of superimposed absorption spectrograms of gas mix- 
tures show no differences, yet when the same mixtures 
are compared in a non-dispersive analyzer they exhibit 
measurable differences. This is due to the integration of 
many small differences in individual bands by the observa- 
tion of the entire spectrum at the same time. Fig. 4 illus- 
trates a typical infrared continuous analyzer. The assem- 
bly consists of the analyzer (enclosed in an explosion-proof 
housing), an electronic voltage regulator, and a conven- 
tional potentiometer recorder with a high-gain amplifier. 
The analyzer unit usually is located remotely from the 
recorder and regulator assembly, in some cases as far as 
1000 feet. 


APPLICATION FACTORS 


The next consideration is the specific application data 
which must be considered when one has made a decision to 
apply an infrared analyzer to a plant stream. These fac- 
tors are of considerable importance. 


A. Basic Requirements 

For the gas analyzer to measure the concentration of a 
given component in a gas stream, it is essential that the 
component absorbs energy at characteristic wavelengths in 
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ethane, methane, and ethylene. 


the infrared. If this property is true of a component, and 
if the component changes in concentration in a mixture, 
then there will be a corresponding change in the total 
energy remaining in an infrared beam after passing 
through the mixture. The instrument measures these en- 
ergy changes, which are a measure of gas concentration. 

Because of the possible presence of compounds with over- 
lapping absorption bands, a knowledge of the concentra- 
tions of all the components of the gas system is essential 
for optimum use of this analyzer. A thorough chemical 
analysis is therefore ‘desirable before an analyzer is se 
lected for a definite application. 


B. Sample Gas Specifications 

1. Suspended Solids. As the gas analyzer is an optical 
instrument, it is necessary that all gases passing through 
the sample cell, whether for analysis or standardization, 
be supplied in a clean state. Suspended solids, such as dust 
encountered in flue gas, would build up on the cell windows 
and eventually cause a reduction in the amount of infrared 
energy passing through the sample cell. It is recommended 
that a suitable dust trap or filter be placed in the sample 
line before it enters the analyzer. Glass wool, cotton waste, 
or fused silica have been found suitable for most dust con- 
ditions. 

2. Pressure. The absorption of the infrared beam is 8 
measure of the total number of absorbing molecules in 
the gas cell. In order to measure the ratio of absorbing to 
the total of both absorbing and non-absorbing molecules, 
it is necessary to maintain the same number of molecules 
in the cell at all times. The number of molecules in the 
cell will be constant only if the pressure and temperature 
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are constant. For most conditions, maximum allowable 
pressure change in the sample line at the analyzer is of the 
order of 2 or 3 inches of water. 

3. Temperature. The sample cell of the gas analyzer 
usually is maintained by suitable heat control at a tempera- 
ture of 150 F. However, sample gases with temperature 
as high as 200 F. may be safely admitted to the analyzer. 
Use of gases at higher temperature is not recommended 
because a reduction in gas temperature will probably result 
in the sample liquifying or subliming on the cell walls. 
Gases at room temperature or lower can be used, provided 
that there is no danger of reaching the dew point of the gas 
streams, and thereby causing condensation of liquids on 
the cell windows. 

4. Rate of Flow of Sample Gas. The rate of flow of the 
gases entering the sample cell may vary, depending on 
the desired time of response of the instrument. The faster 
the flow rate, the sooner the concentration is changed in 
the sample cell. For normal operation, a flow rate of 1 to 
9 liters per minute is satisfactory. The volume of the sam- 
ple cell is approximately % liter. 
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R — Infrared Radiator F — Filter Cell 

! — Interference Cell ¢€ —Compensator Cell 
B,, B, — Bolometer Elements 
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S$ — Sample Cell 


Fig. 4. Schematic of typical continuous infrared analyzer. 

5. Water Vapor. If rock-salt optics are used, serious 
damage results from the formation of condensate on the 
windows. The sample gas therefore should not usually have 
a dew-point over 90-100 F. Instruments using calcium- 
fluoride or silver-chloride windows are not permanently 
affected by water condensate, although calibration will be 
off as long as the moisture remains-on the windows. 

6. Corrosive Gases. As most types of instruments are 
available in stainless steel, this is not a critical problem. 

7. Site. It is often desirable to locate the analyzer unit 
on the process equipment, either in the conventional cabinet- 
type housing, or in an explosion-proof housing. When this 
is done, the recorder and associated equipment are located 
in the control house in some remote location. The stand- 
ard 19-in. panel mounting will accommodate all of these 
components; if instrument panel space is at a premium, 
It is possible to locate the voltage regulator at the rear of 
the panelboard. 

8. Calibration. Calibration may be made in one of three 
ways: (a) all calibration work done at the manufacturer’s 
Plant, (b) all work done at the installation site, or (c) 
preliminary calibration at the manufacturer’s plant, and a 
final calibration at the installation site. Of these three 
Plans the second and third are preferable to the first. If 
calibration work is to be carried out at manufacturer’s 






plant, it is usually desirable that analyzed samples of the 
plant stream be furnished. In the simpler cases, where the 
plant stream consists of inert gases with one infrared- 
absorbing component to be measured, the calibration can 
be accomplished easily. In the more complicated case, where 
several infrared-absorbing components are present in the 
sample stream, it is desirable that the instrument be in- 
stalled and samples taken from the exit stream and ana- 
lyzed by other means after recorder deflection is noted. 

9. Shut-down Precautions. In installations where the 
instrument is in continuous operation no shut-down pre- 
cautions are necessary. In discontinuous operation where 
the unit is shut down for any reason, and the analyzer 
is not operating, precautions must be taken. It is necessary 
to prevent the accumulation of moisture inside the sample 
lines during this shut-down. This is especially important 
where rock-salt optics are used. One method of preventing 
the accumulation of moisture is to bleed dry nitrogen or 
dry air slowly through the analyzer sample lines. 


THE PRESENT AND THE FUTURE 


Let us now consider the present-day applications of Infra- 
red Analyzers and the ultimate scope of this equipment. 
A list of a number of applications which have been field 
tested and proven satisfactory in all respects includes: 

n-Butane in methane, ethane, propane, iso-butane, CO, 
co, 

Methane in natural and manufactured gas blends 

Methane in annealing furnace atmosphere 

Carbon dioxide in expired air 

Acetylene in 14-component mixture 

Methane in 14-component mixture 

Carbon dioxide in 7-component mixture 

Hydrogen cyanide in 8-component mixture 

Ammonia in 7-component mixture 

Monoviny] acetylene in 11-component mixture 

Acetylene in hydrogen cyanide 

Hydrogen cyanide in acetylene 

Ethyl acetate in toluene/air mixture (lel) 

Acetone in air (lel) 

These represent only some of the problems and are by no 
means a full and inclusive list. Some time ago our organi- 
zation made an extensive survey of the process industries 
tc determine just where instruments of this type were to 
be used. The survey indicated that the application of this 
type instrument has not even scratched the surface of 
potential use. In years to come it is expected that thousands 
of these instruments will be used to analyze control-process 
streams. 

Engineers in a number of laboratories, including the 
Esso Standard Oil Company, DuPont, Ethyl Corporation, 
and Gulf, have done much to widen the field of applica- 
tion of this equipment. However, we are confronted daily 
with analytical problems where a plant desires to measure 
a component in a multi-component stream. When questioned 
regarding the accuracy and sensitivity of the instrument 


to the component, the instrument manufacturer can only 


state that he thinks it will do so and so. Sometimes there 
is no actual data to back up his belief. Even though one 
obtains complete infrared spectrograms of all the compo- 
nents in a system, it still is not possible to predict accurately 
the result of performance of the instrument on a gas 
stream. Of course, we can predict with fair accuracy the 
sensitivity of an instrument to a gas having characteristic 
absorption bands completely separated from any of the 
background gases. However, this is the exception rather 
than the rule; for the most part superpositioning one infra- 
red spectrogram on another does not answer all questions. It 
has been found that gas blends which yield practically 
identical absorption spectrograms on the spectrophotometer 
give considerably different results when viewed by the non- 
dispersive type analyzer. A 1-percent change in concentra- 
tion of a single component in a gas system may cause deflec- 
tions due to absorption bands too weak to be detected indi- 
vidually by the spectrophotometer. When absorption bands 
are integrated by the non-dispersive type analyzer, they 
Continued on page 1340 
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INSTRUMENT 


Signal sources and types of signals used in instrument elec- 
tronic circuits are discussed, including some common trans- 
ducers. Composition of nonsinoidal waveforms and the action 
of simple R-C and R-L circuits are described. Differen- 
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tiation, integration, and coupling are discussed in detail. 


IV. SIGNALS AND SIMPLE CIRCUITS 


‘SIGNAL SOURCES 


and to measure a physical condition such as tem- 

perature, pressure, mechanical strain, chemical com- 
position, or physical dimension. Devices that convert the 
physical condition into an electric signal are called pri- 
mary, or sensitive, elements. Primary elements often are 
called transducers. The term “transducer” is applied to 
devices which change the form of energy. For example, a 
piezoelectric crystal is a device which converts pressures 
into electric signals, or vice versa; a thermocouple con- 
verts temperatures into electric signals; a photoelectric 
cell converts light into electric signals. 

The term “signal” refers to any variation of an electric 
voltage, current, or frequency which is used to convey the 
desired information about the physical condition. The 
function of the primary element is to produce a voltage, 
current, or frequency which depends on the physical con- 
dition. 

There are hundreds of ingenious devices which change 
a physical condition into an electric signal. Although the 
subject is interesting, it is too extensive to be considered 
in detail here. However, a few primary elements are de- 
scribed briefly, mainly to indicate the type of input signal 
received by instruments. 


Me: electronic instruments are designed to detect 


Primary Elements for Pressure 


Some devices change resistance when compressed or ex- 
tended. These devices can be used as pressure-sensitive 
primary elements directly. For example, if a current (J) 
is sent through such an element, there is a change in JR 
voltage each time the element changes resistance (R). This 
voltage change is the signal. The carbon pile is such a 
pressure-sensitive element. The strain gage also is a pri- 
mary element which changes resistance when extended or 
compressed. 


Most pressure-sensitive primary elements operate by 
causing the displacement of a diaphragm, Bourdon tube, 
bellows, etc. The displacement then effects a change in 
resistance, capacitance, or inductance of an electric cir- 
cuit. For example, the displacement of a thin vane between 
two coils can change the resonant frequency of the coils, 
or the displacement of a core in a differential transformer 
can change the output of the transformer. 

Most measurements of flow are made by measuring the 
differential pressure between two points in the flowing 
stream. Thus most flow measurements are essentially pres- 
sure measurements. 


Primary Elements for Temperature 


Among the most common temperature-sensitive effects 
used to produce an electric signal are resistivity and ther- 
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moelectricity. The electrical resistance of platinum, nicke] 
many semiconductors, and other materials changes linearly 
with temperature. Such devices can be used as primary 
elements which give an electric signal output for changes 
in temperature. 

The thermoelectric principle is used widely in industria] 
instrumentation. The thermoelectric effect results from the 
fact that when any two dissimilar metals are brought int 
contact, a potential is developed at the interface. As this 
potential depends on the temperature of the interface, the 
phenomenon lends itself directly to temperature measure. 
ment. Other temperature-sensitive effects used in primary 
elements include expansion, vapor pressure, magnetic 
susceptibility, and others. At higher temperatures the radj- 
ation emanating from the hot body can be used as an indi 
cation of temperature. 


Primary Elements for Counting 


Many instruments are designed to count. Some indicate 
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Fig. 4-1. Frequency response of a circuit. A, block diagram of cir- 


cuit for test; B, frequency-response curve. 


the total count of a manufactured product. Others indi- 
cate the number of counts per second of a radioactive source 
or of an electric signal (frequency). A common primary 
element for counting circuits is the photoelectric cell, which 
produces an electric signal whenever light falls on a sensi- 
tive electron-emitting surface. The signal output of the 
primary element of a counting circuit usually is a short 
pulse which occurs only when the sensitive element is ener- 
gized. 


Signal Types 


The primary element of an instrument produces the sig- 
nal input to the instrument. The signal input can be either 
(1) a sine wave which changes in frequency or amplitude, 
(2) a nonsinoidal wave which changes in frequency or 
amplitude, or (3) a transient (pulse-type) signal which oc- 
curs only when the physical condition changes. 

The radar is an instrument which measures the time 
between transient pulses to indicate the distance between 
the pulse transmitter and the target. The transmitter 
transmits a short pulse of r-f. energy which travels to the 
target, is reflected from the target, and returns to a re 
ceiver located at the transmitter. As the radio pulse trav- 
els at a known speed (the speed of light), the time between 
the transmission of the pulse and the reception of the echo 
is a measure of the distance to the target. The- radar 
uses many circuits encountered in electronic instruments, 
including amplifiers, oscillators, pulse shapers, differenti- 
ators, integrators, and oscilloscope indicators. Hence the 
radar will be described after less-complicated instruments 
such as the oscilloscope are discussed. 


SINOIDAL WAVES 


The sine wave is a basic wave and is used in many differ- 
ent ways. The carrier wave which transmits radio sig- 
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nals is a sine wave of radio frequency. Most signal gen- 
erators produce pure sine waves. : ae 

One of the most common uses of sine waves in instru- 
ment work is to check the frequency response of a Cir- 
cuit. As shown in Fig. 4-1, a sine wave of constant voltage 
is fed into the circuit to be checked. The output voltage 
of the circuit is measured and plotted for several different 
frequencies, and a curve is drawn of amplitude versus 
frequency (Fig. 4-1,B). This frequency-response curve 
indicates over what range of frequency the circuit operates. 


NONSINOIDAL WAVES 


Pure sine waves are basic waveshapes. Many instru- 
ments use pure sine waves. However, many other instru- 
ments use nonsinoidal waves and transient waveforms. 
For example, the output signal of many primary elements, 
such as strain gages and pressure detectors, are transient 
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SQUARE WAVE 


LEGEND 


A. FUNDAMENTAL 

B. 30 HARMONIC 

C. FUNDAMENTAL PLUS 30 HARMONIC 

D. 5TH HARMONIC 

€. FUNDAMENTAL PLUS 3D AND 5TH HARMONICS 

F. 7TH HARMONIC 

G. FUNDAMENTAL PLUS 30, STH AND 7TH HARMONICS 

Fig. 4-2. Composition of a square wave. A, fundamental 
plus 3rd harmonic; B, fundamental plus 3rd and 5th har- 
monics; C, fundamental plus 3rd, 5th, and 7th harmonics. 
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signals. All signals, including nonsinoidal waves and tran- 
sient signals, are composed of pure sine waves of different 
frequencies and amplitudes. Thus any circuit can be ana- 
lyzed, and the response of the circuit to any signal can 
be analyzed, in terms of the response of the circuit to 
sinoidal waveshapes. 


Harmonics 


A harmonic is a sinoidal wave with a frequency that is 
an integral multiple of another sinoidal waveform, called 
the fundamental. For example, a sine wave with a fre- 
quency of 2000 cps. is the second harmonic of a 1000-cps. 
fundamental sine wave. Similarly, a 4000-cps. frequency 
is the fourth harmonic of a 1000-cps. fundamental signal. 

A periodic wave is one that repeats itself in definite 
time intervals. Any complex periodic wave is composed of 
sine waves of different frequencies and amplitudes, added 
together. The sine wave which has the same frequency 
as the complex periodic wave is called the fundamental, 
or first harmonic. For example, Fig. 4-2,A shows a square 
wave, which has vertical sides and horizontal top and bot- 
tom. The sine wave marked “A” has the same frequency 
as the square wave. Hence “A” is the fundamental fre- 
quency. The sine wave “B” has three times the frequency 
of “A.” Hence “B” is the third harmonic. 


Square Waves 


Fig. 4-2 shows how a square wave is composed of a 
fundamental and harmonic frequencies. In Fig. 4-2,A the 
fundamental and its third harmonic are added together to 
give curve “C,” which is only slightly similar to the square 
wave. In Fig. 4-2,B the fifth harmonic is added to “C,” 
which makes the wave more like the square wave. In Fig. 
4-2,C the seventh harmonic is added to the other frequen- 
cies, which makes the wave more nearly a square wave. 

Note that as more odd harmonics are added, the wave- 
form approaches a square wave. This proves that a square 
wave consists of the sum of many sine waves. Note also 
that the amplitude of each harmonic decreases as the or- 
der of the harmonic increases. The lower-order harmonics 
are most important, but the higher order harmonics are 
required for the shape of the wave. An exact square wave 
contains an infinite number of odd harmonics. In practice, 
however, only enough harmonics need be considered to 
obtain the required accuracy of waveform. 

In similar manner, any nonsinoidal waveform consists 
of a fundamental plus harmonics. The fundamental has 
the greatest amplitude, but the harmonics are required for 
shape. A sawtooth wave contains a fundamental plus odd 
and even harmonics; a peaked wave, like a square wave, 
has a fundamental plus odd harmonics. 

The shape of any wave depends on the harmonics that 
are present, their relative amplitudes, and relative phase 
relationship. In general, the steeper the sides of the wave- 
shape—that is, the more rapid its rise or fall—the more 
harmonics it contains. Thus, although each of the periodic 
waveforms shown in Fig. 4-3 consists of the same funda- 
mental plus harmonics, the wave shown in Fig. 4-3,C does 
not have as many or as large higher-order harmonics as 
the wave in Fig. 4-3,A. 

The wave shown in Fig. 4-3,A is a square wave with 
unequal alternations—that is, all half cycles are not alike 
and the wave is not the same on positive and negative ex- 
cursions. The wave shown in Fig. 4-3,B is a sawtooth 
wave with unequal alternations. The wave in Fig. 4-3,C is 
a peaked wave with unequal alternations. 


Circuits for Nonsinoidal Waves 


Any nonsinoidal waveshape consists of many sine waves 
of various frequencies and amplitudes. Therefore, it is 
apparent that if a circuit is to pass a nonsinoidal wave 
without changing its shape, it must pass all the component 
frequencies without shifting their relative phases and 
without changing any of their amplitudes. Such a circuit 
must have no phase distortion and must be “flat,” or have 
a uniform frequency response to all the frequencies it is 
required to pass without distortion. As a perpendicular 
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wave front such as occurs with a perfect square wave is 
composed of a fundamental and an infinite number of 
harmonics, it is impossible to pass such a wave through a 
circuit consisting of practical circuit elements. 

Even though it is impossible to design a circuit that will 
pass a perfect square wave without some distortion, it is 
possible to design a circuit that has little phase distortion 
and a flat frequency response from a few cycles to several 
megacycles. Such a circuit can pass a square wave with 
only small distortion. Distortion causes the leading and 
trailing edges of the output wave to be sloped and rounded 
so that there is a time of rise and fall. This rise and fall 
time can be made small in properly designed circuits. 

Note that the vertical sides of a square wave represent 
very high frequencies, and that the horizontal portions 
represent very low frequencies. Thus the square wave can 
be used to check the overall response of a circuit. If a 
circuit has the good high-frequency response, it passes 








4-4. Simple R-C circuit and transient 


Fig. 
produced by circuit. 


the vertical portions without distortion; if it has good 
low-frequency response, it passes the horizontal portions 
without distortion. A circuit with good high-frequency and 
low-frequency response passes the entire square wave with- 
out distortion. The square wave is used often to check the 
response of a circuit to both high and low frequencies. 
Instrument electronic circuits sometimes are required 
to pass complex waveshapes with a minimum of distortion. 
On the other hand, circuits sometimes are designed to dis- 
tort a waveform. Two basic and important distortion 
circuits are the differentiator and integrator circuits. The 
behavior of these distortion circuits can be understood by 
examining how these simple circuits produce transients. 


TRANSIENTS AND R-C CIRCUITS 


Fig. 4-4 shows a simple R-C circuit—a resistor, capacitor, 
switch, and d-c. battery in series. At the instant the switch 
is closed, the capacitor starts to charge the voliage of the 
battery. The rate at which the capacitor charges gradually 
becomes smaller as the capacitor voltage approaches the 
battery voltage, as shown on the voltage curve. Although 
the rate varies, the time for the capacitor to charge to 
63 percent of the battery voltage is a constant for any 
one value of R and C. Thus, no matter what the voltage of 
the battery, the capacitor charges to 63 percent of the bat- 
tery voltage in a time interval called the time constant, 
or characteristic time, (T) of the circuit. The value of 
T in seconds is the product of the resistor (in ohms) and 
the capacitor (in farads) : 

hey OS 

Note that the charging time increases for an increase 
in either R or C. 

This simple R-C circuit is used often to produce the tran- 
sient waveform shown, which is called an exponential- 
rise transient. The formula for the curve is given at the 
end of this discussion. 

On discharge, the circuit reacts similarly. For example, 
if the battery in Fig. 4-4 is replaced by a solid conductor, 
the charged capacitor discharges 63 percent of its charge 
in RC seconds. 

The simple R-C circuit shown in Fig. 4-4 is important 
because it can be either a coupling circuit, a differentiator, 
or an integrator—depending on the values of R and C. 
Thus it is important to examine the circuit in detail. 

In RC seconds, the capacitor charges to 63 percent of 
the applied voltage. In the next RC seconds, the capacitor 
charges to 63 percent of the remaining charge, or to 87 
percent of the applied voltage. In the 3rd interval of RC 
seconds, the capacitor charges to 95 percent of the applied 
voltage. Although the capacitor never charges to exactly 
100 percent of the applied voltage, it charges to 99 per- 


Page 1302—Instruments—Vol. 24 














cent of the applied voltage in 4.6 RC seconds, as shown 
in Fig. 4-5, which is a curve of capacitor voltage (or cm 
rent) versus time. Note that time is plotted in RC Units, 

Curve A in Fig. 4-5 is the capacitor voltage while the 
capacitor is charging. Curve B is the current in the cireuit 
while the capacitor charges. Curve B also represents the 
current and voltage during discharge. 







TRANSIENTS AND R-L Circuits 


If the capacitor in Fig. 4-4 is replaced by an inductor 
the voltage across the inductor is a maximum (E) at the 
instant the switch is closed, and then decreases to zex 
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TIME IN RXC OR L/R 
Fig: 4-5. Universal time constant chart for R-C and R-L circuits, 


slowly, as on curve B of Fig. 4-5. The reason the inductor 
voltage decreases to zero is because the inductor has no 
d-c. resistance. Thus, there is voltage across the inductor 
only when the current is changing. The current in the 
R-L circuit is represented by curve A in Fig. 4-5. Thus 
the curves on Fig. 4-5 represent the current and voltage 
in both the R-C and R-L circuits. These curves are known 
as universal time-constant charts. The charts tell what 
value of R and C (or L) are required to produce an ex. 
ponential signal which rises to any given amplitude in 
any given time. Timers make use of circuits and signals 
of this type. 

The R-L circuit has a characteristic time constant sim- 











Fig. 4-6. R-C circuit, showing voltage-divid- 
ing effect. 


ilar to that of the R-C circuit. The time constant of the 
R-L circuit is defined as the time required for the current 
through the inductor to increase to 63 percent of the 
maximum current, or to decrease to 37 percent of the 
minimum current. The time constant of the R-L circuit 
is L/R, that is, 
T=L/R 

where T' is the time constant in seconds, L is the induc- 
tance in henrys, and R is the resistance in ohms. 

As the shapes of the curves for current and voltage in 
the R-L circuit are exactly the same as in the R-C circuit, 
the universal time-constant chart can be used for both 
circuits. 


, CHARACTERISTIC TIME CONSTANT AND A-C. RESPONSE 


The transient response of the R-C and R-L circuit t 
a d-c. signal depends on the characteristic time constant 
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e circuit. Similarly, the response of the circuit to a 

-c. waveform or to any periodic waveform de- 
haracteristic time constant. 

4 a shows the simple R-C circuit. Consider the re- 

a if a signal generator connected to the input (E) 
pam a 1000-cps. sinoidal signal to the circuit. Note that 
e doration of one cycle of the 1000-cps. wave is 1/1000 
second, or 1000 microseconds. 

If the resistance of the resistor is much greater than 
the reactance of the capacitor, all the generator voltage 
appears across the resistor—that is, the circuit is like a 
voltage divider in which the resistance is so much larger 
than the reactance that the capacitor voltage is negligible. 
This occurs when the resistance is large and the capacitive 
reactance is small—that is, when the capacitance is large. 
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5B Cc 
Fig. 4-7. R-C circuit as an integrator or a differentiator, with 
a square-wave input. A, circuit; B, action when time constant is 
smaller than the period of the input; C, action when time cons- 
tant is larger than the period. 


The action of the R-C circuit always can be understood 
by considering the voltage-dividing effect. 

Another way of saying the same thing is to say that if 
the characteristic time constant of the circuit is more 
than five times the duration of one cycle (1000 microsec- 
onds), then the entire generator voltage appears across 
the resistor. Such a circuit is a good coupling circuit. In 
a coupling circuit the capacitor merely couples the signal 
to the resistor. As there is insignificant 7X drop across 
the capacitor, the generator signal appears across the re- 
sistor unchanged in voltage or phase. 

However, if the characteristic time constant of the cir- 
cuit is reduced either by reducing the capacitor, the re- 
sistor, or both, the vcltage (JX) across the capacitor in- 
creases, and that across the resistor (JR) decreases. This 
is because an R-C circuit with a short time-constant has 
a small resistance and a high reactance. The circuit then 
is a voltage divider in which only a small signal appears 
across the resistor and a large signal across the capacitor. 
If the signal is a pure sine wave, the voltage across the 
resistor is changed in phase, but is otherwise undistorted. 





If the signal is not a pure sine wave, the signal across the 
resistor is distorted. 

The amount of voltage division and distortion (or the 
shift in phase) depends on whether the characteristic time 
constant is much smaller than the period of the signal. If 
it is, the circuit acts as a differentiator. 


Differentiation 


A differentiator is a circuit whose output is proportional 
to the rate of change of the applied signal. Consider the 
action of the circuit of Fig. 4-6 if the time constant is 
much smaller than the period of the applied signal. This 
occurs when the capacitor is small—that is, when the re- 
actance of the capacitor is much greater than the resist- 
ance of the resistor. Hence only a small part of the applied 
voltage appears across the resistor because of the voltage- 
dividing action of the circuit. However, the reactance of 
the capacitor depends on the frequency of the applied sig- 
nal. Therefore, the amount of signal appearing across 
the resistor depends on the rate of change of the applied 
signal. Hence the circuit is a differentiator. Note that 
the only difference between a differentiator and a coupler 
is in the time constant of the circuit. 

Fig. 4-7 shows the simple R-C circuit with an applied 
square wave. The voltages across the resistor and capacitor 
are shown for both a short-time-constant circuit and a 
long-time-constant circuit. The differentiator output is 
across the resistor. For good differentiation the time cons- 
tant of the circuit should be much smaller than the period 
of the applied signal. If it is not, the applied signal ap- 
pears undistorted across the resistor, as shown in Fig. 
4-7,C, and the circuit is a coupling circuit. 


Integration 


An integrator is a circuit which adds, or one which pro- 
duces an output voltage which is proportional to the area 
under the curve of an applied voltage. The circuit shown - 
in Fig. 4-4 is an integrator if the time constant is long 
compared to the period of the applied signal. When the 
time constant is long, the capacitor charges slowly and 
linearly with the applied voltage, as shown by the bottom 
curve in Fig. 4-7,C. Note that the circuits in Figs. 4-4, 
4-6, and 4-7 are essentially the same. Fig. 4-4 is the con- 
ventional way of representing an integrator. However, the 
integrator output of Fig. 4-7 is exactly the same. Note 
that the integrator output of Fig. 4-7 is exactly linear 
when the time constant is long. Hence it is proportional 
to the area under the curve of the applied voltage. 

Note that the differentiator, the integrator, and the 
coupler are similar R-C circuits. A good integrator circuit 
has a time constant much longer than the period of the 
applied signal, and the output is across the capacitor. A 
good differentiator has a time constant much shorter than 
the period of the applied signal, and the output is across 
the resistor. A good coupling circuit has a time constant 
much longer than the period of the applied signal, and the 
output is across the resistor. 

The simple R-C circuit is important. Depending on its 
time constant, it is either a coupler, a differentiator, or an 
integrator. It is used in instrument circuits in all three 
ways. Even more important is the fact that as a signal 
goes from stage to stage through an electronic circuit, 
the effect of the circuit on the signal depends on the equiv- 
alent R-C value of the point in the circuit. Hence it is 
important to understand how the simple R-C circuit op- 
erates. 

Integrators and differentiators are used widely in in- 
strument circuits. The integrator is used in counting and 
adding. The differentiator is used to shape signals. Fig. 
4-8 shows how a differentiator changes the shape of applied 
signals. In Fig. 4-8,A the slope of the trailing edge of the 
sawtooth voltage is greater than that of the leading edge; 
therefore, the amplitude of the output voltage, ep, is greater 
during this portion of the cycle. The amplitude of the out- 
put voltage depends on the steepness of the input-voltage 
rise or decay (rate of change of signal), as shown in all 
curves in Fig. 4-8. 
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PRODUCTIMETER"SPECIALS” 


for Radar and Electronic Applications 








Special counter adapted from "CS" Top Read- 
ing Model far instr ta ti pplicati 
Productimeter “SPECIALS” are de- 
signed and manufactured for specific 
counting applications. Where one of | 
many standard Productimeters is not | 
the exact answer to a problem, Durant 
engineers modify, combine, or develop 
entirely new counters to meet the par- | 
ticular requirements of the job. The | 
models shown are a few of the more | 
interesting specials developed in our 


High-speed, non-re- 
set ‘‘Y'' type count- 
er for building into 
sadar instruments. 








—for accuracy, simplicity, | 
speed of response and economy | 


The practical answer to problems of continuous gas observa- 
tion involving purity, quantitative change, absorption and other 


The fo 
the exponential curve in Fig. 4-4 is: rma ie 


| V=E(1—e*), 
| Where V is the voltage across the capacitor at any time, }. 
| t is the time in seconds from the instant that Voltage E «| 
applied; EF is the applied voltage; e is 2.718, or the om 
of natural logarithms; and k is a constant. 


| Formula for Exponential Transient. 
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Cun 4-14. V 
wave is | 
with good 
(a) Th 
Fig. 4-8. Differentiator output of a circuit with a short ) Th 
RC time constant for various input waveshapes. (c) Th 
(d) Th 
The value of the constant, k, for the circuit in Fig. 43 4-15. T 
is 1/RC. Therefore, rev 
V — E(1—e -*/RC), through t 
Note that when t = RC seconds: for the ¢ 
V = E(1-e-!) (a) ” 
a-€ 
= ee (b) 10 
—_ e a-¢ 
This proves that no matter what the applied voltage, at (c) “4 
the time t = RC seconds, the voltage across the capacitor (a) 68 
of the R-C circuit is 63.2 percent of the applied voltage. a-¢ 
4-16. A 
TEST ITEMS FOR—IV. SIGNALS & SIMPLE CIRCUITS —_. 

4-5. The displacement of a dia- 4-5, The displacement of a dis- rn 
which ‘ . phragm or Bourdon tube can be pian 

(a) has self induction used to produce an input signal 

(b) has a primary and sec- patitiniaiciai 


to an electronic instrument by 
producing a change in 

(a) resistance h 

(b) capacitance 

(c) inductance 

(d) any of the above 

4-6. A common primary ¢éle 
ment used in counting circuits is 
the 


ondary coil 
changes the form of energy 
changes the amplitude of 
energy 

4-2. Which of the following is 
NOT a transducer? 

(a) Electron tube 

(b) Thermocouple 

(c) Photoelectric cell 


(c) 
(d) 


Specia 


“*y"’ 2-figure Rotary 
Counter used in navi- 
gating instruments. 


DURANT MANUFACTURING CO. 


modern plant. Your counting problems 
can be readily solved. 













1914 N. Buffum St. 114 Orange St. | 
Milwaukee 1, Wis. Providence 3,R.1. | 
Representatives in Principal Cities 


Otel i agi iad 
SINCE 1879 | Count Everything | 
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(d) All the above 

4-3. A signal is a change in 
(a) voltage 

(b) current 

(c) frequency 

(d) any of the above 

4-4. A pressure-sensitive pri- 


mary element with resistance R 
changes 
pressed. The signal output is a 


resistance when com- 
(a) voltage equal to IR 

(b) change in the IR voltage 
(c) displacement of a diaphragm 
(d) displacement of the element 


{a) photoelectric cell 

(b) strain gage 

(c) carbon pile 

(d) thermocouple 

4-7. A radar measures distance 

by measuring the 

(a) voltage amplitude of 4 
transmitted r-f. pulse 

(b) voltage amplitude of a 
echo pulse 

(c) time between transmitted 
r-f. pulses 

(d) time between an r-f, pulse 
and its echo 


versity 


IN 














time, t: 
age F is 
the base 


, 4.3 


ele- 
ts is 


ance 





ula for 


4-8, In order to make a fre- 
nse curve of a cCir- 


quency espe t should be varied in 


i inpu 
e : both voltage and frequency 
() neither voltage nor fre- 
quency 


(c) frequency only 
(d) voltage only 
J harmonic is 
at a8 integral multiple 
ndamental : 
(b) ie integral multiple of a 
1000-cps. signal 
) the pee trounene? 
onent of a signa 
(d) i highest-frequency com- 
ponent of a signal 
:ndamental is ; 
: ezral multiple of a 


of a 


com- 
(¢ 


410. A fur 
(a) an inte: 
harmonic ; 
(b) a 1000-cps. signal — 
(c) the lowest-frequency 
ponent of a signal 
(d) the highest-frequency com- 
ponent of a signal 
4-11. The shape of any 
wave depends on the 
ber of harmonics 
= sauaive amplitudes of each 
harmonic ] : 
(c) phase relationship of 
monics 
(a) all the above 
4-12. A pure sine wave has 
(a) no harmonics 
(b) no fundamental : 
(ce) an infinite number of har- 
monics ; 
(d) a small number of harmon- 
ics 
4-13. A square wave has 
(a) no harmonics 
(b) no fundamental 
(ec) an infinite number of har- 
monics 
(a) a small number of harmon- 
ics 
4-14, Which portion of a square 
wave is undistorted by a circuit 
with good low-frequency response ? 
(a) The horizontal top and bot- 
tom 
(b) The vertical sides 
(c) The entire waveform 
(d) The amplitude 
4-15. The characteristic time 
constant of an R-C circuit in 
which the capacitor charges 
through the resistor is the time 
for the capacitor to charge to 
(a) 100 percent of an applied 
d-c. potential 
(b) 100 percent of an applied 
a-c. potential 
(c) 63 percent of an 
d-c. potential 
(d) 63 percent of an 
a-c. potential 


com- 


com- 


plex 


har- 


applied 
applied 


4-16. A capacitor of 1 micro- 
farad capacity is being charged 
through a resistor by a 100-volt 
battery. What size resistor (in 
ohms) must be used if the ca- 


pacitor is to charge to 99 volts in 
exactly 1.84 seconds? 
(a) 0.4 
(b) 21.5 
(ec) 25,000 
(d) 400,000 
4-17. The characteristic 
constant of an R-L circuit is 
(a) RL 
(b) L/R 
(c) R/L 
(d) 1/RL 
4-18. When an R-C circuit has 
a characteristic time constant that 
is much longer than the period 
of an applied a-c. signal, the sig- 
nal across the resistor is 
(a) distorted 
(b) amplified 
(ec) larger than that across the 
capacitor 
(d) changed greatly in 
by the circuit 
4-19. The voltage-dividing ac- 
tion of an R-C circuit causes most 
of an applied a-c. signal to ap- 
pear across the capacitor when 
the characteristic time constant is 
(a) RC 
(b) 1/RC 
(c) much smaller than the peri- 
od of the applied signal 
(d) much larger than the peri- 
od of the applied signal 
4-20. A circuit whose output is 
proportional to the rate of change 
of a signal is called 
(a) a differentiator 
(b) an integrator 
te) an amplifier 
(d) a coupler 


time 


phase 


4-21. An R-C circuit has a long 
time-constant and the output is 
taken across the resistor. The 
circuit is 

(a) an integrator 

(b) a differentiator 

(ec) a coupler 

(d) any of the above 

4-22. An R-C cireuit has a long 
time-constant and the output is 
taken across the capacitor. The 
circuit is 

(a) an integrator 

(b) a differentiator 

(ce) a coupler 

(d) any of the above 

4-23. An R-C circuit has a 
short time-constant and the output 
is taken across the resistor, The 
circuit is 

(a) an integrator 

(b) a differentiator 

(ce) a coupler 

(d) any of the above 

4-24. The circuit which pro- 
duces a sharply peaked output 
whenever the input signal changes 
rapidly is the 

(a) integrator 

(b) differentiator 

(c) coupler 

id) any of the above 
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Double calibration bench in the Instruments 
Department Repair Shop at Standard Oil Co. 
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Accuracy Always 


With this unique calibration bench, Sohio checks 
its hundreds of flow and low pressure instru- 
ments —to insure their continuous accuracy of 
flow measurement. 


The Meriam Dual Tube Model M-100 Manometers 
permit quick, easy reading up to 200” water 
pressure. These instruments consist of two sep- 
arate manometer tubes in the same case — each 
tube with individual well. The left tube has a 
scale increasing upward; the right tube a scale 
increasing downward. Both tubes measure the 
same pressure and permit the operator to read 
the manometer tube at the most convenient 
eye level. 





For many years at Sohio, as well as at other oil, 
chemical, and processing companies, Meriam 
Manometers have proved thoroughly satisfactory 
for their specific applications. For further infor- 
mation on this Dual Tube Manometer develop- 
ment ask for Catalog Sheet M-100. 


THE MERIAM INSTRUMENT CoO. 
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INSTRUMENTS ON THE MARCH 


New Principles, Applications, Non-commercial Developments 





Instruments Automatize a Paint Company’s 
Product-development Tests 


METUCHEN, N. J.—Drastically 
cutting potential instrument costs with 
the same stroke that slashes both oper- 
ation and labor time—such is the ac- 
complishment of the Socony Paint Prod- 
ucts Co. with the help of Tagliabue 
Instruments Division of Weston Elec- 
trical Instrument Corp. Socony, which 
manufactures synthetic resins and var- 
nishes, was confronted with a problem 
of automatically controlling four quan- 
titative tests simultaneously in its pilot 
plant. Since the tests were conducted 
manually, the question was: How to 
shift most efficiently and economically 
from manual control to control by in- 
strumentation. The answer: A unique 
variation of a “TAG Celectray Multiple 
Point Indicating Controller” with only 
one “TAG Program Unit.” The re- 
sulting installation is the only one of 
its kind that can be used to control 
four tests employing the same program 
for uniform results. 

In Socony’s manually-controlled tests, 
four miniature stills were filled with 
varying quantities of materials, heated 
by line current and put through a reflux 
system according to a definite program. 
Temperatures were indicated by four 
bimetallic thermometers; temperature 
control was done manually by means of 
four “Variacs,” one for each still. 

In switching from manual to auto- 
matic control, ordinarily four control- 
lers and four program units would be 
necessary. By using the “TAG” instru- 
ments, however, the company found that 
only one controller—a four point poten- 





tiometer with thermocouples placed in 
each still—and one program unit could 
do the job at a considerable savings in 
instruments costs. As a result, the en- 
tire operation can be controlled auto- 
matically after the program is set up, 
with only two instruments instead of 
eight. The only manual labor involved 
is adding various solvents at defined 
stages in the program according to the 
conditions of the test being conducted. 


Durable Pigment for 
Clinical Thermometers 


WASHINGTON, D. C.—As the re- 
sult of research at the National Bureau 
of Standards, a durable, lasting pig- 
ment is now available for marking clin- 
ical thermometers. Developed by R. J. 
Welch and F. W. Reinhart of the NBS 
staff, the new marking compound is a 
silicone resin formulation that with- 
stands cleansing with soap and phenol 
solutions far better than any other 
known pigment. 

Thermometers used in hospitals must 
undergo constant immersion in deter- 
gents or soap solutions and germicides 
such as phenel. Loss of pigment due to 
the action of these cleansing agents 
has been a major cause of thermometer 
failure. The Hospital Bureau of Stand- 
ards and Supplies and the American 
Hospital Association therefore re- 
quested the National Bureau of Stand- 
ards to make a study of the situation 





Pilot plant of Socony Paint Products Co., Metuchen, N. J., boasts unique installation 
of instruments for conducting product-improvement tests on synthetic resins and varnishes. 
Two instruments (at left) automatically control the simultaneous heating of the four 
stills (one is hidden behind operator) filled with varying quantities of alkyd resins, 
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phthalic anhydride, glycerine, vegetable oils, and other materials. 






with a view to the development of a pig- 
ment that would withstand normal hos. 
pital usage. A large number of formu- 
lations were investigated, as well as 
various methods of etching. Finally 
the new silicone formula was developed 
and long-term immersion tests showed 
that it was the answer to the problem, 


Controlled Humidity 
for Research 


WASHINGTON, D. C.—Convenient 
means of producing and maintaining 
atmospheres of known relative humidity 
at any of the temperatures encountered 
in a radiosonde flight has been devel. 
oped at the National Bureau of Stand. 
ards, according to Technical Report 
1512. A recirculating type of apparatus 
was devised for calibration and research 
purposes by A. Wexier and associates 
of the Bureau’s mechanical instrument 
laboratory under the sponsorship of the 
Navy Department’s Bureau of Ships. 

The need for such a device results 
from the use of the electric hygrometer 
for measuring water vapor content of 
the air during a meteorological sound- 
ing of the upper atmosphere by means 
of the radiosonde. During a flight, the 
hygrometer may be subjected to a wide 
range of temperatures and humidities, 
as well as air flows, corresponding to 
balloon ascent rates of 1000 fpm. or 
more. The new equipment was designed 
primarily for operation at temperatures 
above freezing, but is equally useful at 
temperatures down to —40 C. Provision 











was made for obtaining discrete 
changes in humidity and temperature 
and for maintaining given air speeds 
up to 1500 fpm. The recirculating ap- 
paratus supplements equipment previ- 
ously developed at the Bureau for use 
at temperatures below freezing. 

A known relative humidity is pro- 
duced by saturating a stream of air 
with water vapor at a given tempera- 
ture and then raising the temperature 
of the air to a specified higher value. 
The relative humidity, at the higher 
temperature, is the ratio of the satura- 
tion pressure of water vapor at the 
lower temperature to the saturation 
pressure of water vapor at the elevated 
temperature. A gas pump circulates 
air from a saturator into a test-cham- 
ber and then back into the saturator. 
Complete saturation is achieved, simply 
and efficiently, by recirculating the ait 
over water or ice in the saturator, In 
a closed system. ; 

The temperature of the saturator 1s 
maintained constant by a thermostatted 





liquid bath while that of the test-cham- 
ber is controlled by means of a heater 
in the air stream. This is possible be- 
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Swartwout 





® No matter how fast a pneumatic or 
electro-mechanical control system may func- 
tion, it cannot compare with the imstantaneous, 
all-electronic response of the Swartwout 
Autronic Control System. 


Heart of the system is the compact, plug-in 
type Autronic Controller. All-electronic oper- 
ation means it has no mechanical motion what- 
soever ... no slide wires, boosters or motors 
to initiate control action ... no air lines from 
the measuring element or to the final element. 
Hence the Autronic Controller eliminates all 


SEND FOR BULLETIN A-701 - THE SWARTWOUT COMPANY - 18511 EUCLID AVENUE - CLEVELAND 12, OHIO 


transmission lags . . . spans distance between 
primary and final elements without interval. 
Accurate, positive calibration gives the 
Autronic Controller complete interchange- 
ability . . . eliminates any need for recalibrat- 
ing, adjusting or trimming. 

Call in our engineering representative to 
explain how the Autronic Control System 
can bring new accuracy to your process or 
power instrumentation. Or write today for 
literature on the new Swartwout Autronic 
Control System. A-avio 
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cause the air from the saturator must 
necessarily be brought to a higher tem- 
perature and hence the only require- 
ment for achieving any desired test- 
chamber temperature is the introduc- 
tion of the requisite amount of heat 
into the air stream. 

Features of the saturator are its sim- 
plicity of design, its adaptability for 
temperatures below as well as above 
the freezing point of water, and its 
effective saturation at both high and 
low flows. These are achieved in large 
measure by imparting a centrifugal 
action to the entrant air stream. The 
saturator is a cylindrical chamber con- 
taining distilled water to a convenient 
depth. Air is discharged through a 
nozzle into the chamber above the water 
surface and tangential to the vertical 
walls and then exhausted through a 
central port in the top. The centrifugal 
action creates a whirlpool which greatly 
increases the liquid surface and thor- 
oughly mixes water vapor with the air. 
Spray and liquid droplets are forced to 
the walls by centrifugal force which 
results in little tendency for liquid 


water to emerge through the exit port 
except at low flows. Under these condi- 
tions, a multilayer fine wire screen 
baffle at the exit traps and prevents 
water from passing out of the satur- 
ator. Since air does not bubble through 
water but only passes over its exposed 
surface, the water may be frozen with- 
out impairing the functioning of the 
saturator. 

Rapid and discrete changes in rela- 
tive humidity are achieved by utilizing 
four independent but identical recircu- 
lating systems, arranged so that their 
test chambers may be interchanged 
easily and quickly. Thus, if a different 
temperature is maintained in each of 
the four saturators, and if the same 
temperature is maintained in each test 
chamber, the relative humidity in each 
test chamber is different. By inter- 
changing the test chambers, the rela- 
tive humidities therein undergo discrete 
changes as each test chamber communi- 
cates with a different saturator. 

The interchange of test chambers is 
effected by a pneumatic switch consist- 
ing of two ground and lapped plates 


to which are attached air lines leading 
from the saturators to the test cham. 
bers. A quarter-turn of the top plate 
with respect to the bottom plate aq. 


_vances each test chamber to a new Posi- 


tion and connects each test chamber 
with a different saturator. The rela- 
tive humidity can be changed in one to 
two seconds, according to the speed 
with which the switch can be rotated, 

The gravimetric method of moisture 
determination was employed to check 
the accuracy of the apparatus. Meas. 
urements of the relative humidity pro. 
duced in the test chamber were made 
over a wide range of test chamber tem. 
peratures, relative humidities, and gir 
flows. The results reveal an average 
difference in relative humidity of +19 
percent between the relative humidity 
measured by the two techniques, As 
an additional check, a thermocouple 
psychrometer was employed to measure 
the actual relative humidity in the test 
chamber. These results show an aver- 
age difference of +0.9 percent between 


‘the psychrometric and the apparatus 


relative humidity measurements. 


Photographic-film Dosimeter 


WASHINGTON, D.C.—A compact film-badge has been 
developed by the National Bureau of Standards for in- 
dustrial safety programs and for monitoring in civilian 
defense, according to Technical Report 1542. 

Ideally, a film dosimeter should (1) indicate the quantity 
of radiation, or dosage, and (2) be independent of the size 
of radiation quanta. The NBS film badge is designed to 
monitor gamma and X-radiation in the quantum energy 
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Fig. 1. (Left). Calibration of an X-ray source. Fig. 2. (Right). Cali- 
bration of film response. 
range from 120 kev. to about 10 Mev. Although less accu- 
rate than other types of radiation meters, the badge is 
rugged and inexpensive. 

The maximum total dosage to which any part of the 
human body should be exposed continuously or intermit- 
tently in one week is currently set at 0.3 roentgen. Ex- 
posure effects are cumulative, however, and a continuation 
of slight overexposure can become dangerous. Although 
Geiger-Mueller counters and similar radiation meters are 
used widely, they are too cumbersome for periodic per- 
sonnel-type monitoring. The small film badges, on the 
other hand, are suited for this type of monitoring. 

The NBS film badge can monitor radiation intensities 
from 0.5 to 10,000 roentgens. It can be used to obtain a 
permanent record of the radiation exposures received by 
structures and individuals in critical areas resulting from 
industrial accidents or national disasters. 

The film badges are calibrated with X-radiation energies 
from 115 kev. to 10 Mev. The accuracy limits within the 
ranges from 1 to 50 roentgens and from 500 to 10,000 
roentgens are +12 percent. In the center range, from 
50 to 500 roentgens, the aecuracy limits are + 20 percent. 

In calibrating the badges, it is necessary to have a cal- 
ibrated source of radiation. Fig. 1 shows the ealibration 
of a constant-potential X-ray source. Reference dosages 
were determined by directing radiation from the source 
(left), through a heavy absorber of known characteristics, 
and into a free air-ionization chamber. 
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Fig. 2 illustrates the technique used to determine the 
response of film exposed to calibrated X-radiation over the 
range of film sensitivity and radiation energy. The radia- 
tion is directed to the film through an absorber and col- 
limating slit. 

Fig. 3 shows the film processing. After 5 minutes in 
the developer, where it is agitated mechanically, the film 
is kept in an acid stop bath for 10 seconds, a fixer solu- 
tion for 10 minutes, and a water wash for 20 minutes, 
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Fig. 3. Procedure for film development (left). Fig. 4. (Right). Spectral 
sensitivity of badge, with and without absorbers. 


Finally, it is placed in a dryer containing agitated air 
at room temperature. 

Fig. 4 shows the effect of lead and tin absorbers on the 
spectral sensitivity of one of the films in the NBS film 
badge. The absorber thicknesses chosen are a compromise 
for all possible variations in radiation energy and film type. 


Join Forces to Develop 
New Industrial X-ray Process 


MILWAUKEE, Wis.—Commercial development of xero- 
radiography—a new process that may greatly reduce the 
use of films and darkrooms in industrial x-ray work—is 
the object of a joint program launched by three organi- 
zations—The Haloid Company of Rochester, N. Y., Battelle 
Memorial Institute, Columbus, Ohio, and General Electric 
X-Ray Corporation, Milwaukee, Wisconsin. 

Xeroradiography is expected to make x-ray inspection 
faster and more economical so that it can be utilized in 
many more industrial fields, particularly in smaller found- 
ries, machine shops, and general metal-working firms. It 
mayralso have value in the inspection of ordnance and other 
war material, and in the field of medical diagnosis. 

Xeroradiography (pronounced “Zeroradiography”) is 4 
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PHYSICISTS 
AND 


SENIOR RESEARCH 


ENGINEERS 


POSITIONS NOW 


OPEN 


Senior Engineers and Phys- 
icists having outstanding aca- 
demic background and ex- 
perience in the field of: 


Microwave Techniques 
Moving Target Indication 
Servomechanisms 
Applied Physics 
Gyroscopic Equipment 
Optical Equipment 
Computers 

Pulse Techniques 
Radar 

Fire Control 

Circuit Analysis 
Autopilot Design 
Applied Mathematics 


Electronic Subminiaturi- 
zation 


Instrument Design 


Automatic Production 
Equipment 
Test Equipment 


Electronic Design 


Flight Test Instrumenta- 
tion 


are offered excellent working 


conditions and opportunities 


for advancement in our Aero- 
physics Laboratory. Salaries 
are commensurate with abil- 
ity, experience and back- 
ground. Send information as 
to age, education, experience 
and work preference to: 


NORTH AMERICAN AVIATION, INC. 
Aerophysics Laboratory 
Box No. R-4 
12214 South Lakewood Bivd. 
Downey, California 




















WINS REFINERY ACCEPTANCE 






















New All-Pneumatic Slide Valve Operator 
Cuts Costs on Fluid Catalytic Cracking Units 


This new air-operated Rotomotor makes it unnecessary to 
invest the heavy capital required for hydraulic systems. 
Using ordinary plant air supply, the Rotomotor is more 
economical for operating slide valves in control of spent 
catalyst, regenerated catalyst, and back pressure of flue 
gas on stack valves. In addition to being dependable, 
‘tugged and compact, the Rotomotor is accurate and sensi- 
tive to instrument output pressure changes as small as 
fF 025 psi. 
fap It is capable of handling thrust loads up to 60,000 Ibs. 
with stem travels up to 36". It is inherently a self-locking 
mechanism because it operates through a gear drive and 
threaded stem. A continuously connected handwheel and 
declutching lever provide for manual operation if needed. 
Rotomotors may be on any catalyst slide valve 
of your choice at the manufacturer's plant and shipped 
to you as complete units ready for installation. 


tad 








ACCEPTED BY THESE MODERN 
REFINERIES 


Skelly Oil Company 

Taylor Refining Company 
Imperial Oil Ltd. 

British American Oil Co. 
Cities Service Oil Company 
The Texas Company 
Canadian Oil Refinery Ltd. 
Dunkirk Refinery (France) 


HOW IT WORKS: 


POSITIONING DEVICE (B) determines ‘actual valve stem 
position by means of tape and cam connection (A) and 
desired stem position by air impulse from control instru- 
ment. Corrected output air pressure from (B) then is fed 
to AUXILIARY PILOT (C) which ports main air supply to 
PNEUMATIC MOTOR (D) driving gear box clockwise or 
counterclockwise repositioning stem and completina pnev- 
matic control loop. 


Write for New Bulletin I 


Sateen t | 





CONOFLOW CORPORATION 


2100 ARCH STREET ¢ PHILADELPHIA 3, PENNA. 
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Small Component... 
or Complete Unit... 
You Can Count on | 
getting whatever 

You need—Added | 
evidence that 


Everyone Can Counton — 


VEEDER-ROOT | 
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This REEL CON- 
TROL BOX, com- 
plete with its built- 
in counting mech- 
anism, indicates 
the number of feet 
of antenna reeled 
in and out of cer- 









com- 
letely by Veeder- 
t, including 
outside _ bakelite 
cover and box, this unit shows 
another imaginative applica- 
tion of the universal 
\ language of direct- 

reading Countrol. 


VEEDER-ROOT INCORPORATED 


HARTFORD 2, CONN. 













Acids 
Asbestos 
Brines 
Chips 
Paper Stock 
Slurries 
Wood Stock 
Non-Metallic - 
Minerals ~~ 






Type 7300— 


Type 7200—Flanged Motor operated 


F.Ex-VALvE is the ideal choice for handling such 
materials as those listed—either dry or in suspension—at 
temperatures up to 210 deg. 

Resists both abrasion and corrosion; eliminates 
clogging, plugging, building up; absorbs vibration and mis- 
alignment. 








Open—it’s as free of obstruction as the pipe itself. 
Closed—it’s bubble-tight and it closes tight on all of these 
materials, 





Available in either hand or air operated types in 
sizes from 4 to 12 in. 
Users have found FLEx-VaLve to be the low-cost | 


ff —X>\ solution to tough valving problems. If your present | 
\Evatve” valves aren’t 100% effective, take a look at this one. | 
Catalog 455 gives details. | 


Flexible Valve Corporation — 


336 COMMERCIAL AVE. * PALISADES PARK, N. J. 
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fast, low-cost, dry, direct-positive process for Producing 
x-ray images. It is electrostatic, rather than chemical, Re. 
usable plates and low-cost powders take the place of chemj. 
cals and films used in conventional radiography. In les 
than two minutes, with a minimum of effort, an industria] 
inspector can secure a “shadow” picture similar to that 
on an x-ray negative, showing the internal condition of his 
product. 

Xeroradiography has advantages over rapid film develop. 
ment processes in that it is entirely free of chemicals and 
employes re-usable plates. Another advantage is that neither 
the image nor the xerographic plate is affected by any 
type of radiation, including atomic radiation. 

Xeroradiography is being developed at Battelle under 
Haloid-Battelle sponsorship. General Electric X-Ray is ¢p. 
operating in the project and will market the equipment, 
when perfected. The new process is an outgrowth of xero. 
graphy, a method for producing fast, low-cost copies of 
anything written, printed, or drawn, using light rather 
than x-rays. Xerography, already commercially available, 
is a product of The Haloid Company. 


DECHEMA 


In May 1951 an Information Meeting was arranged by 
the DECHEMA (Deutsche Gesellschaft fuer Chemisches 
Apparaturesen E.V.) in cooperation with the Process In- 
dustry committee of the Vereins Deutscher Ingenieure in 
Frankfort, Germany. The meeting was attended by 3000 
chemists, engineers, and chemical engineers. The purpose 
of the meeting was to encourage and to promote discus- 
sion between the manufacturers and users of chemical ap- 
paratus. Discussion booths were set up by 180 important 
manufacturers in the Meeting Halls of the City of Frank- 
fort. The booths were manned by high-calibre specialists 
and technicians. 

The companies showed models and illustrations of their 
equipment; these were used in the discussions. Fig. 1 
shows a part of the hall, which was divided into four di- 
visions: (1) Laboratory apparatus, (2) instruments and 


controls, (3) large equipment, and (4) materials. Fig. 2 

shows the models of chemical equipment in one booth. 
The Information Meeting was not an exhibit of apparatus, 
Continued on page 1342 






































-CONTAINED 
-CONTROLLED 
-SUFFICIENT 
“RELIANT 


The patented Farris Stacon Temperature 
Regulator is easily the most independent 
regulator available today. It’s unique. 
It stands alone. It’s trustworthy. It needs 
no watching. It’s perfect for the man who 
wants no cause for worry ... who wants 

























to relax in the sure knowledge that his Siccon 
mperatures are constant. Temperature 
a“ Regulator* 


Here’s why Stacon stands alone in the 
field. It has no packing glands to leak or 
bind . . . the stem moves freely. The 
liquid in the bulb flashes to vapor in the 

power bellows, assuring hairtrigger re- 

sponse to move the disc. It operates with 
unbelievable accuracy—to within plus or 
minus 1 degree—and it operates with 
that accuracy under all conditions. Stacon 
provides air-operated accuracy at low, 
self-operated cost. 
Get the details on the one truly out- 
standing temperature regulator—Stacon. 

Send for Bulletin 50-1000 to get all the 

details. 

*Patented and Patents Pending 


Farris Stacon Corporation 
536 COMMERCIAL AVE. PALISADES PARK, N. J. 





The Cambridge Record- 
ing Gas Analyzer continuously 
analyzes and records as many as six 





constituents of a gas. Eliminates inter- 
mittent, slow and expensive manual gas 
analysis. Accurate . .. Sensitive... 
Simple. No moving parts; utilizes 
thermal conductivity principle. 

Makes possible substantial savings in 
the operation of kilns, production of 
inert gases, and in metallurgical, petro- 
leum, and other chemical processes. 
Single- and Multi-point instruments 
are available for a wide variety of ap- 
plications. 


Send for literature mentioning application 











CAMBRIDGE 


INSTRUMENT COMPANY, INC. 
3742 Grand Central Terminal, New York 17 


Pioneer Manufacturers of 


PRECISION INSTRUMENTS 

















MOELLER MARINE INSTRUMENTS 










CLINOMETER 


No. 460 No. 455 


FATHOM RULES 
a 
SOUNDING SHEA 


~ SOUNDING. TUBES 





No. 410 





c 


Ne: 420° SOUNDING LEAD RODS 
—-—_———O 





MOELLER 
STRAIGHT AND. ANGLE FORM 
Ne. 5000 “SUBMARINE THERMOMETERS 


ae 


' 
AES RID 
wits SA 


aha eae 





THE ACME OF DEPENDABILITY 


Built upon 4 generations of 
GUARANTEED ACCURACY 


On deck, in cabin, or engine room whether 
to indicate temperature readings, or to take 
soundings — whether to measure fathoms, 
or determine trim and heel measurements— 
Moeller Marine Instruments have set the 
standard of accuracy for dependability in 
the Marine field for almost half a century. 


Send for catalogs and literature on 
INDUSTRIAL, LABORATORY 
AND RECORDING THERMOMETERS 
THERMOSTATS © HYGROMETERS 


HYDROMETERS © PSYCHROMETERS 
AND MARINE SPECIALTIES 


MOELLER 


INSTRUMENT COMPANY 
132nd ST. and 89th AVE. * RICHMOND HILL 18, N. Y 


Representatives in Principal Cities 
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TEL-O-SET RECORDER 


Features withdrawal of chassis 
for full 8-hour chart visibility 
without interrupting operations, 
bumpless shifting from auto- 
matic to manual operation, all 
adjustments from front of panel, 
built-in adjustable restrictions 
for pulsating flow . . . requires 
panel space just 54%” high by 
5” wide. Write for Specification 
Sheet No. 769. 











HL 


TEL-O-SET CONTROLLER 


Available in adjustable and fixed 
proportional band models, and 
with three control forms . . , for 
flow, temperature, pressure, 
level and other process vari- 
ables. Universal bracket per- 
mits optimum flexibility in 
mounting . . . coded, inter- 
changeable sections and split 
manifold contribute to simpli- 
fied maintenance. Write for 
Specification Sheet No. 768. 













TEL-O-SET INDICATOR 


Can be used with any pneumatic 
transmitter, having a 3-15 psi 
controlled air output, regardless 
of the primary element being 
used. Provides indication of 
process variable, set-point of 
controller or controlled air pres 


sure to valve when on automatic 
control . . . is easily shifted to 
manual operation. Panel cut-out 
size same as recorder. Write for 
Specification Sheet No. 770. 


1 am pace-setting pneumatic control 
system is ready for application to a host 
of processes demanding a new high in 
speed, precision and accuracy .. . for 
almost any process variable. Developed 
as part of a family relationship, each 
unit complements the others in produc- 
ing a system of superior performance. 


Used with any one of a group of Honey- 
well measuring elements . . . for flow, 
temperature, pressure, liquid level, etc. 
... the 7'el-O-Set system is destined to 


make important contributions to the 
improvement of process control through- 
out industry. 


For more detailed information, send for 
the literature mentioned in the descrip- 
tions at left . . . or call in our local engi- 
neering representative for a discussion 
of your process control problems. 


MINNEAPOLIS-HONEYWELL REGULATOR 
Co., Industrial Division, 4482 Wayne 
Ave., Philadelphia 44, Pa. 


MINNEAPOLIS 


Honeywell 
“Brow Qusttiunedtt- 














In this department we report each month new devices for measurement, inspection, testing, 
computing, metering and automatic control—in the form of concise technical descriptions. 





FOR FURTHER INFORMATION USE THE POSTAGE-FREE ORDER CARD ON PAGE 1373 





Temperature Scanning 
System 


New “ElectroniK” scanning system 
continuously and automatically moni- 
tors up to 270 separate temperature 
points and records only temperatures 
which deviate beyond pre-set limit. 
System comprises recorder, rectifier, 
stepping-switch control unit (illus- 


trated), and alarm for when tempera- 
ture of any point exceeds limit. Oper- 





ator selects type of operation—(1) 
temperature recorded only when set 
point is exceeded, (2) temperatures 
recorded continuously, (3) no temper- 
atures recorded but scanning continues, 
and (4) only manually selected points 
recorded. Scanning rate is one point 
per second. Manual control is avail- 
able to operator.—Brown Instruments 
Div., Minneapolis-Honeywell Regula- 
tor Co., Wayne & Windrim Aves., 
Philadelphia 44, Penna. 


Mention No. 1101 when filling out card. 





Web-material Controller 


New edge controller for registering 
web material during processing uses 
mechanical sensing finger and differ- 
ential transformer to control hydraulic 
servopositioning system. Electrie-hy- 
draulic control positions to within 
0.001 in. over range of 3 in., with only 
% oz. pressure on edge of web, while 
web material travels at 100 yds. per 
min.—Automatic Temperature Control 
Co., Inc., 5200 Pulaski Ave., Philadel- 
phia 44, Penna. 


Mention No. 1102 when filling out card. 








Electronic Control System 


PRIMARY MEASURING 
* ELEMENT (MEASURES 

TEMP.. PRESS., LIQUID 

LEVEL. FLOW: ETC) 














AUTRONIC CONTROL 
UNIT (INCORPORATES 
ADJ. PROP. BAND. 
RESET & RATE) 


PRESSURE 





y ePNEUMATIC 
TRANSDUCER 








AUTRONIC RECORDER 












CONSTANT 
VOLTAGE 
TRANSFORMER 

x 











A 


115V60U AC POWER 


New “Autronic” control system is 
centralized-control miniature all-elec- 
tronic system for measuring and con- 
trolling process variables such as tem- 
perature, pressure, level, flow, etc. Sys- 
tem consists of three basic units— 
primary sensing element, “Autronic” 
control unit, and final control element. 
Power is 115-v. 60-cycle a.c. Control 
unit incorporates proportional band, 


reset, and rate time (derivative). Fur- 
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nished with or without set-point ad- 
justment and scale. Recorder permits 
inspection of record without interrup- 
tion of pen track; holds month’s sup- 
ply of paper. Manual controller permits 


switching from automatic to manual 


control. Valve position is shown at all 
times, whether operating on manual or 
automatic.—The Swartwout Co., 18511 
Euclid Ave., Cleveland 12, Ohio. 


Mention No. 1103 when filling out card. 





te, 
Unitized Control 
System 


New “Tel-O-Set” pneumatic control | 


system consists of small, easil i 

interchangeable units. New unite, wat 
can be used with maker’s differential 
converter in integrated system, include 
controller, recorder, and indicator, Small 
size of recorder and indicator (bottom) 
makes them particularly useful op 





graphic panels. Controller is available 
in two models—with fixed proportional 
band (top left) and with adjustable 
proportional band (top right). Control- 
ler units are constructed of a number 
of coded, interchangeable units sepa- 
rated by diaphragms. Except for man- 
ual adjustments of reset, controllers 
operate wholly in response to pneumatic 
signals. Air-supply pressure is 20 psi.; 
output pressure is 3-15 psi. Proportional 
band is either 150 percent (fixed) or 
adjustable between 2 and 150 percent. 
Reset is adjustable from 0.2 to 100 re- 
peats per minute or from 0.01 to 5 re- 
peats per minute (on adjustable band 
controller only).—Brown Instruments 
Div., Minneapolis-Honeywell Regulator 
Co., Wayne & Windrim Aves., Phila- 
delphia 44, Pa. 


Mention No. 1104 when filling out card. 





Process Controller 


New “Transet Bi-Act” force-balance 
controller has only one-knob adjustment 
for two control responses. Controller 1s 
designed for applications where the 
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d variable is transmitted to 
peat enact location, where fast reset 
rates and broad throttling bands are 
required or where derivative aetion is 
not essential. Features include (1) con- 
trol circuit which pneumatically links 
proportienal and automatic reset re- 
sponses, (2) one knob to adjust both 


proportional and automatic reset re- 
sponses, (3) controller action can be 
changed without disturbing any piping 
connections, (4) optional plug-in type 
leakless manifold provides means for 
connecting or removing controller, (5) 
rapid controller action obtained by 
large-capacity booster air relay, and 
(6) built-in cut-off relay provided for 
panel or field mounting. Controller 
measures only 7%-in. over-all length 
and has a range of adjustment of 1 to 
200 percent throttling range and auto- 
matic-reset adjustment of 0 to 100 
repeats per minute.—Taylor Instrument 
Companies, Rochester 1, N. Y. 


Mention No. 1105 when filling out card. 










Proportional Step-by-step 
Control 





dicates and records process variable 
ilable and automatically corrects for devia- 
‘ional § tion from control point. Control can 








ignore momentary deviations, then 
make corrections at time intervals auto- 





lance § matically adjusted to process speed. 
ment Push buttons for manual control are 
ers Provided. Pilot lights indicate when 
the ® variable is within tolerance limits, 










New “ARC-1 Automatic Control” in- | 
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@ For the first time, dependable MET-L-FLEX all-metal 
mounts are available for many different applications requir- 
ing #1 cup type units. New standards of equipment 
performance, previously unattainable with conventional 
mounts, can be obtained without sacrificing weight or cost. 
High damping and axial-lateral stability, inherent features 
of MET-L-FLEX, provide added protection for delicate 
avionic equipment. Write today for full performance and 
engineering data on the complete: line of Robinson 
MET-L-FLEX vibration isolation and control systems. 


















@ Load ranges from 12 Ib. to 10 Ibs. per mount. 


@Built-in damping with auxiliary cushioning for 
overload and shock. 


@ Overload andunderload capacity asgreatas 50%. 
@Minimum ultimate structural strength 700 Ibs. 

per unit. — : 
@ Temperature range —90°C to +175°C. ‘ 








Available in complete 
Unit Mount Bases 






including the popular S-1 and 
S-2 mounting tray sizes. Write | 
today for information. 


fi ——— INC. 
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RECORDING 
GALVANOMETERS 








The Century Model 210 Galvanometer 
has been designed and tested for the 
utmost in performance under any con- 
ditions. The unique small tubular type 
construction permits their installation in 
practically any type or make of photo- 
graphic recording oscillographs. These 
golvanometers are offered at low cost 
over a wide range of frequencies and 
sensitivities to satisfy most recording 
requirements. For additional informa- 
tion, write for our Catalog No. CGC 
206. 

Manufactured under Century Pat. 


2439576, also licensed by Kannes- 
tine Laboratories Patent 2149442. 





CENTURY GEOPHYSICAL 
CORPORATION 


1340 North Utica 
Tulsa, Oklahoma 


EXPORT OFFICE: 
149 Broadway, N. Y. 


World’s Largest Manufacturer of 
Geophysical and Special 


Galvanometers 


1505 Race Street 
Phitadelphia 
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NEW INSTRUMENTS 





above or below control point, or a cor- 
rection is being made.—Fielden Instru- 
ment Corp., 2920 N. Fourth St. Phila- 
delphia 33, Penna. 


Mention No, 1106 when filling out card. 





Daylight Illuminometer 


New daylight illuminometer, con- 
sisting of “Speedomax” recorder and 
special illuminometer cell assembly, re- 
cords daylight intensity directly in foot- 





candles. Logarithmic scale is for maxi- 
mum detail of record. Cell is barrier- 
layer photocell designed for collecting 
total illumination of sun and sky, and 
for filtration to match photocell spec- 
tral response to mean visibility curve 
of human eye. Cell may be several 
hundred feet from recorder.—Leeds & 
Northrup Co., 4934 Stenton Ave., Phila- 
delphia 44, Penna. 

Mention No. 1107 when filling out card. 





Electronic Manometer 
and Flowmeter 


New “Electronic Manometer and 
Flowmeter” has noble-metal thermo- 
pile. Two taps on gage tube connect 
to two points at which pressure dif- 
ference is measured. As flowmeter, tube 





is placed directly in line or connected 
to two sides of calibrated orifice. Man- 
ometer measures low pressure differ- 
ences; has dual range of 0.001 to 0.1 
in. and 0.1 to 2 in. water. Accessories 
include 5-position switching attachment. 
Operates on 110-v. 60-cycle a.c.—Hast- 
ings Instrument Co., Inc., Super High- 
way and Pine Ave., Hampton 10, Va. 


Mention No. 1108 when filling out card. 





Pneumatic Weight 
Transmitter 
New “F-C Air-Scale Weight Trans- 
mitter” converts force or weight into 


a pneumatic signal. Operates on force- 
balance principle. Accuracy of weight 









output is limited only by characteristics 
of indicating instruments used. Tota] 
movement is restricted to % in,, pro. 
tecting components from mechanical 
damage. Unit capable of weighing up 
to 10,000 pounds occupies less than one 
cubic foot of space. Sizes available 
weigh up to 40 tons directly (higher 
on special order).—Fluid Controls Co, 
Inc., 5150 Ridge Ave., Philadelphia 9 
Penna, 

Mention No. 1109 when filling out card, 





Oil-field Viscosimeter 


New viscosimeter is rolling-ball type 
unit for viscosity at pressures and 
temperatures up to 10,000 psi. and 
350 F. Roll time of ball is automatically 
measured by electric stop clock. Meas- 


BARREL SEAL 


GAS CHAMBER 


HEATING JACKET 











THERMOMETER 
STAINLESS STEEL 
MEASURING BARREL 


STAINLESS STEEL BALL 


PRESSURE HOUSING 


‘) CONTACT Assematy 


a J\ 
( “f° 
i= 

— 


uring barrel of stainless tubing is 
honed to mirror finish, following which 
free-fitting ball is inserted. Seal closes 
ends of barrel while viscosity meas- 
urements are made.—Ruska Instru 
ment Corp., 4607 Montrose Blvd., Houws- 
ton, Texas. 

Mention No. 1110 when filling out card. 





Climate-survey System 
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ion recordings are made on 
a pandard 0-1 milliammeters 
(not supplied in standard system) .— 
Beckman & Whitley, Inc., 980 San Car- 
os Ave., San Carlos, Calif. 


Mention No. 1111 when filling out card. 








Smoke Density Recorder 


New “SR-6L Smoke Indicator-Re- 
corder” is quick-acting sensitive null- 
halance potentiometer. Has rugged 
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t card, 
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ll type 
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tically § steel case, large pointer indicator, 

Meas- § fluorescent illumination, and  12-in. 
chart for 24-hour record. Warning sig- 
nals at any limits may be added.—EKes 

Instrument Co., 96 S. Washington Ave., 

Bergenfield, N. J. 

Mention No. 1112 when filling out card. 
alk Bimetallic Thermometers 
aaa New model of maker’s ‘“Temperom- 
ECL BAU eter” is for checking temperatures of 
iv molten lead, solder, Babbitt metal, oils, 
SSEMALY 
sf 
ng is 
which 
closes 
meas- 
netru- 

Hous 

card, 

m 

mom.) Waxes, etc. Chief improvements are: 

9 ree) head and stem of stainless steel; stem 

peeds diam. of 9/32 in.; and tube end posi- 

Unit tively closed.—W. C. Dillon & Co., Inc., 

y and 1421 S. Circle Ave., Forest Park, Ill. 

Speed Mention No. 1113 when filling out card. 

Marine Autopilot 
New automatic marine pilot system 

follows any course received from human 
or automatic source. Whereas a helms- 
man might overcontrol rudder in wind 
and swells, autopilot follows course 
with variation of less than one-half 
degree. Makers claim “almost complete 














INDUSTRIAL 
RECORDING OSCILLOGRAPH 


FOR VIBRATION, TEMPERATURE, STRESS, STRAIN ANALYSIS 





MODEL 
408 
OSCILLOGRAPH 


The Century Model 408 recording oscillograph wos designed expressly for airborne and 
mobile operation. As with all Century products, this oscillograph incorporates the utmost in 
design and workmanship, along with improved features, yet it remains simple in its operation 


and maintenance. 


FEATURES: 

Size: 20" long, 12%” wide, 8%” high. 
Weight: 60 pounds. 

Number of Recording Channels: 6 to 50. 


Detachable daylight loading magazine ac- 
commodating a roll of paper or film 
8” x 200’. 

Friction roller type paper drive by governor 
controlled electric motor with separate mo- 
tor for takeup drive. 

ol. 





Paper speeds c ly and instantly var- 
iable without changing gears or sprockets. 


MODEL 
409 
OSCILLOGRAPH 


Separate optical system for viewing before 
or during recording. 

Glow tube timing system photographing .01 
second and .1 second lines. .01 second 
lines instantly removable by toggle switch 
for slower speeds. 

Data numbering at beginning of record. 

Footage indicator showing amount of paper 

ining in 





Automatic record length control. 
Trace identification. 
Remote control unit. 





The Century Model 409 oscillograph has been designed for recording data where space and 
weight requirements are limited. This oscillograph has been tested to record faithfully while 


subjected to accelerations up to 20 G's. 
FEATURES: 

Size: 5” x5” x 11”. 

Weight: 11 pounds. 

Cast Aluminum case. 


Paper speeds variable 2” to 12” per second. 


Detachable daylight loading magazine with 
a capacity of 3%” x 50’ paper or film. 


2 to 12 individual channels. 
Trace identification. 


Trace viewing. 


For Complete Information Write 1340 North Utica 


GEOPHYSICAL CORPORATION 


TULSA, OKLAHOMA 


1505 Race Street 


Philadelphia, Pa. 





EXPORT OFFICE 
149 Broadway, New York 
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for ALLTYPES of 


Controlled 
dual heat—on 
wore’ As) in 5seconds, off 

when you re- 


\ at J YA lease trigger— 


lets you adjust 
Yip temperature for 
light and heavy instrument 
soldering. Precision balance, 
longer reach and tip construction 
ideal for delicate jobs. Rating up 
to 250 watts speeds heavy work. 
Time-and-power savings pay for 
your Weller Gun in‘a few months. 


250-Watt WELLER 
SSS. SOLDERING GUN 


SS, 
= 


for Ligh 
and 
Heavy 
Instrument 
Work 


TRIGGER-SWITCH CONTROL—Ideal for 
intermittent work. No need to unplug gun 
between jobs. 

5-SECOND HEATING — Nowaiting,no wasted 
current. 

PRECISION BALANCE—Simplifies delicate 
work. 

SOLDERLITE—Spotlights the work. 

LONGER REACH-—Slides easily into tight 
spots. 

@ WELLERTIP—Chisel shaped for faster heat 
transfer. Over/under terminals brace tip for 
heavy duty. 

@ DUAL HEAT—Single heat 200 watts; dual 
heot 200/250 watts; 120 volts, 60 cycles. For 
all instrument soldering. 

See the 250-watt Weller Soldering Gun at 
your distributor, or write for bulletin direct. 
SOLDERING GUIDE—Get your new copy of 

“Soldering Tips” —revised, up-to-date, 

fully illustrated 20-page booklet of 
practical soldering suggestions. 
Price 10c at your distributor, 

or order direct. 


ATEGLER 
ELECTRIC CORP. 


800 Packer Street, Easton, Pa. 











G np 
> $ 
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| NEW INSTRUMENTS 


lack of maintenance” because of use 
| of magnetic amplifiers.—General Hlec- 
| tric Co., Schenectady 5, N. Y. 


Mention No. 1114 when filling out card. 





Pressure Transmitter 


New explosion-proof diaphragm dif- 
ferential-pressure transmitter deter- 
mines level of catalyst in tanks, bins, 
drums, etc. Linear-transducer measur- 





ing system provides remote visual 
signal. Transmitters, with range of 0- 
600 psi. maximum static pressure, can 
trip indicating relay with 1-in. water 
differential-pressure change, and are 
connected to Thyratron relay. Relay 
operates indicator light on panel.— 
Automatic Temperature Control Co., 
Inc., 5200 Pulaski Ave., Philadelphia 
44, Penna. 


| Mention No. 1115 when filling out card. 





Alternator Relay 


New “Type 2R2” relay maintains 
alternate operation of twin pumps or 
compressors which use float or pres- 
sure switches in driving-motor circuits. 
When one unit is unable to meet de- 
mand, second unit assists first until 
normal shut-off level or pressure is 
reached. Available open or enclosed 
with \%-in. silver contacts. Each motor 
starter requires auxiliary normally- 





MOTE &: PRASE OUT SUPPLY Low 
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co 





(eeecccccccce 


Beonsce. 





























closed contact element in series with 
alternator relay coil_—Charles F, Way. 
— 1964 W. 11-Mile Rd., Berkley 

ich. , 


Mention No. 1116 when filling out card, 





Automatic Batch Counters 


New “Type WA Electric Batch Count. 
er” automatically closes switch to con. 
trol signals, conveyors, packaging 
equipment, ete. Can be furnished to 














count various quantities or combination 
of quantities. Four number wheels reg- 
ister units counted until reset. Count- 
ing speeds to 600 C.P.M.—Production 
Instrument Co., 702 W. Jackson Blud,, 
Chicago 6, Ill. 

Mention No. 1117 when filling out card, 





Engine Analyzer 


New airborne electronic engine ana- 
lyzer uses cathode-ray trouble-shooter 
technique to reveal internal working 











0 
Bs 


7 


New “GPPC Gas Dust Analyzer, 
Recorder and Alarm” provides record 
| of total suspended solids, or dust par- 
| ticles, in gas stream such as blast-fur- 
nace gas lines, fly-ash in boiler smoke- 
stacks, etc. Assembly is gas-tight for 
use with poisonous gases. Small dry- 
air streams keep lamps and photocells 
dry when ee gases are ana- 
lyzed.—General Power Plant Corp., 381 
Fourth Ave., New York 16, N. Y. 








Mention No. 1118 when filling out card. 


Gas Analyzer and Alarm 
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conditions of engines during flight, 
including timing variations in each 
valve, engine crankshaft’s position at 
any instant during rotation, and out- 
put torque of engine during flight. 
Operates on 50-500 cps. power. Weight 
is 27 lbs.—Sperry Gyroscope Co., Great 
Neck, N. Y 


Mention No. 1119 when filling out card. 







Bore Gage 


New “Nilco Pistol-Type Bore Gage” 
checks bores where space is limited. 
Indicators face operator at all times. 





Gage has three-point alignment, two- 
point gaging feature, and one-piece 
-ana- § centralizing plungers. Any indicator 
ooter @ can be adapted to gage.—Nilsson Gage 
rking § Co., Inc., Poughkeepsie, N. Y. 


Mention No. 1120 when’ filling out card. 








Electronic Gaging Head 


New remote electronic gaging head 
for “N-6 Internalchek” has standard 
dual amplifications of 1,000/2,000, 300/ 
3,000, 5,000/10,000 to 1; others on 
special order. Gage head consists of 
stable vacuum-tube circuit and high- 































INDUSTRIAL 
PANO) N| 


1-CHANNEL 


THESE 47 ADVANTAGES 


OF SANBORN DIRECT WRITING 
RECORDING SYSTEMS 


COMPLETE SYSTEM or SEPARATE COMPONENTS 
Sanborn equipmegt’is available as complete 1-, 2-, or 4-channel 
systems ready fot: #se, or as separate instruments (Amplifiers, 
Preamplifiers, agid*-Recorders), to be combined or integrated 
by the user with: other equipment. 


NO INK . 3 

Permanent rée@rds* are produced with heated stylus on heat 
responsive, comtifuious plastic coated chart paper. Elimination 
of ink permits,;’@mong many advantages, use of the recorder 
in any posi t any angle, and at high altitudes. 


RECTIL RECORDS 


Records 3 rue rectangular coordinates (with ‘negligible 
tangent ¢&f6f), permitting more accurate correlation when two 
or more €hia 's are used simultaneously. 


HIGH TORQUE MOVEMENT 

The weéiting arm is driven by a D’Arsonval moving coil gal- 
vanometer With an extremely high torque movement (200,000 
dyne ms per,cm deflection). Sensitivity 10 m.a./cm deflection. 


WIDE CHOICE OF PAPER SPEEDS AND 
RECORDING CHANNELS 

Basie choice. of 1-, 2-, or 4-channel models. Single channel 
standard ‘speed 25 mm/sec., slower speeds available. Two chan- 
nels, 10 speeds — 5 and 0.5, 10 and 1, 25 and 2.5, 50 and 5, 
100 and 40 mm/sec. Four channel, eight speeds — 50, 25, 10, 
5, 2.5, 1.0, 0.5, and 0.25 mm/sec. 


CODE & TIME MARKINGS 

All models provide a means of inserting timing pips in the 
record once each second independently of the paper drive, 
and code-markings at will. 


HANGEABILITY 


iiterchangeability of Amplifiers and Preamplifiers in 
born systems permits a wide variety of recording 








If your problem involves record- 
ing any phenomena (individually, 
or simultaneous recording of up 
to four) that can be expressed 
electrically, you will find Sanborn 
equipment ideally suited to your 
requirements. 










2-CHANNEL 


ST BUIRN co...canomncy spate 
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4-CHANNEL 



























































— SyqadSe™ 


TUBE FITTINGS 
CATALOG 


Every instrument man, process pip- 
ing man, designer, engineer, and 
purchasing agent should have this 
new Swagelok Tube Fittings Cata- 
log. It gives you at a glance, de- 
tailed, illustrated data on the com- 
plete line of Swagelok tube fittings 
in brass, aluminum, steel, stainless 
steel, and Monel. It’s your com- 
plete guide to economical, torque- 
free, leakproof joints in all instru- 
mentation and process piping 
lines. 


FREE— Send for Swagelok Cata- 
log B-151 today. Address Dept. CI 


* Patented 


CRAWFORD FITTING CO. 
884 E. 140th Street, Cleveland 10, Ohio 





SWAGELOK FITTINGS AVAILABLE IN: BRASS, 
ALUMINUM, STEEL, STAINLESS STEEL, MONEL 


a~ 
z& 
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“Lpp 


x 
ULES pipe perteR™ 





COME TO YOU COMPLETELY ASSEMBLED, 
FINGER TIGHT 
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NEW INSTRUMENTS 





speed meter. Regulating transformer 
eliminates drift. Gaging range is from 
0.370-in. to 12-in. dia. Maximum gag- 
ing depth from surface plate to center 
of diamond point is 1.5 in—The Shef- 
field Corp., Dayton.1, Ohio. 


Mention No. 1121 when filling out card. 


Optical Cam Rise Gage 


New “Cam Rise Gage” measures cam 
contours (angle and eccentricity) by 
optical means. Deviation can be meas- 
ured to ten thousandths of an inch. 





No focusing necessary. For angular 
measurements, gage is used with di- 
viding head and tail stock. Linear scale 
is graduated from 0 to 3 inches in 50 
thousandths of an inch. Direct readings 
can be made to 0.0005 in.—F.. T. Gris- 
wold Mfg. Co., Wayne, Pa. 


Mention No. 1122 when filling out card. 





Universal Depth Gage 


New “Model DG-56-R-1” has refer- 
ence platen 3.25 in. wide and 4 in. 
long. Measuring range is 1 in. (0-1 
in. or 1-2 in.) plus indicator range. In- 
strument uses any AGD indicator with 
AGD adjustable-bracket back, 2.25-in. 
diam. dial. Seven English and Metric 
indicator ranges are available.—Saart, 
Kraemer & Hanscom, Inc., 1 Washing- 
ton Ave., Providence 5, R.I. 


Mention No. 1123 when filling out card. 





Lens 


New “Floodlight Model” lens for in- 
spection and assembly has 12-in. field. 
400 foot candles developed from light 





source. Incorporates color filters for 
relief of eye fatigue. Base brackets 
are adjustable. Available in focal 
lengths of 4, 6, and 12 in The Mc- 
Mahill Colorama Co.,; 3618 Superior 
Ave., Cleveland 14, Ohio. 


Mention No. 1124 when filling out card. 


Inspection Laboratory 


New “Limited Budget Laboratory” 
contains instruments needed to a 


government specification “MIL Q 5993» 





issued Dec. 8, 1950, for inspection, test. 
ing, and production tooling. Instry. 
ments, which can be purchased sepa- 
rately, include a micro-projector, micro. 
scopes, magnifiers, height gages, gage 
blocks, micrometers, etc.—Geo. Scher, 
Co mes 200 Lafayette St., New York 
12 N.Y. 


Mention No. 1125 when filling out card, 





Fluorescence Analysis Unit 


New “Norelco Fluorescence Analysis 
Unit” is for rapid qualitative and quan. 
titative analysis of metals, minerals 
chemical mixtures, etc. Specimens are 
exposed to beam of X-radiation which 





excites elements. Radiations then are 
passed through a collimating system to 
a crystal which reflects individual radi- 
ations at a specific angle. Intensities 
are measured by Geiger counter on 
goniometer with sweep radius of 170 
mm. Electronic circuits drive strip- 
chart recorder or count register.—Re- 
search & Control Instruments Div, 
North American Philips Co., Inc., 750 
S. Fulton Ave., Mt. Vernon, N. Y. 


Mention No. 1126 when filling out card. 





Ball-bearing Microscopes 


New “Dynoptic Labroscopes” are 
laboratory microscopes with ball beat- 
ings and rollers for effortless high- 
precision focusing. Pressure-loaded ball 
bearings around rim of nosepiece ate 
said to afford “unequalled smoothness 
and precision of movement.” Other fea- 
tures: optically improved 16-mm. ob- 
jective, sliding variable-focus conden- 
ser, and attachable integral illum- 
nator.—Bausch & Lomb Optical Co, 
635 St. Paul St., Rochester 2, N. Y. 


Mention No. 1127 when filling out card. 
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ry Hydraulic Press | i 
stony New “Model oe tat toree of +» WOUR SAFETY VALVES k hl 


) 5923” 000 lbs. Gage indicates psi. on ram. | 
Pai is 6 in.; max. opening is 20 in. | CAN BE 


Ray 





> 








Platens of 11-in. dia. are heated elec- | 
trically and controlled by bimetallic 
regulator. Temperature in deg. F. indi- 
cated on millivoltmeter.—Hydraulics 
Div., Wabash Metal Products Co., 1569 
Morris St., Wabash, Ind. 


Mention No. 1128 when filling out card. 





A safety valve that sticks is about as safe as a time bomb 








Tensile Tester Accessories 
‘ ; Only BalanSeal© and FarriSeal© provide the positive protection at all times 
mnt coer on for and under all operation conditions that makes them reliably safe. 
ae. aos Cimmcomicn ee load Unique in design and principle, the BalanSeal Safety-Relief Valve has a 
cells are on rigid table. Load deforma- | Protective bellows which is proportioned to eliminate any unbalanced down- 
stream forces on the valve disc—which is perfectly balanced on its seat at the 
set pressure. Like its companion, the FarriSeal Valve, the guide, stem and spring 
are completely isolated from the lading fluid for perfect protection. 
Pioneered by Farris Engineering Corp., Balan- is 
Seal, as thousands of installations are proving, OL 
i as 





















is ideally suited for use wherever a collecting 
system is required for a series of safety-relief 
valves. It permits higher downstream pressure 
with consequent smaller piping—a feature which 
often permits savings in piping costs as high 
as 15 times the cost of the valves. The sole force 
opposing the opening of the valve is the spring. 
Static or surge downstream back pressure can- 
not affect the disc and has no effect on the 
relieving point. 

You'll want to know more about the revolu- 
tionary safety-relief valve that can’t stick under 
any circumstances. BalanSeal is described in 


f 170 tion, cyclic, and relaxation tests can be | detail in Bulletin No. 51B. Send for it today. 
made on compression and tension. Full- 














= 7 vi with 3 interchangeable load | y =e 7, ™ 
Hi. @ cells are from 20 grams to 5000 Ibs. | (iL my, Lay . a 
“7: Auxiliary integrator can integrate area | See SOONG . 
” under load-deformation curve.—Instron | or 
% Engineering Corp. 2 Hancock St., | CNG ee a 
card. Quincy 71, Mass. | SY 
Mention No. 1129 when filling out card. | Patented o— Ne 
yes | Potents ae Nee 
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° ° ° Pendi La 
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bear: | TNT S20 


4 New improved quartz orientation unit | 
ial has new optics and precision gearing. 
ee pauerances In quartz orientation can 
aes e held to one minute. Goniometer 
oe — is 150 mm., angular range is 
- rom 0 to plus 90 deg., and scanning 

range is 10 deg. on either side of chosen 
; | Bragg angle. Angles can be read to % 
ea min. are. Features include high-capacity 


min are: Features include high-capacity SAFETY and RELIEF VALVES 


v, 50 or 60 cycle, single-phase a.c., FARRIS ENGINEERING CORP. 
card, built-in stabilizer, and air-cooled X. | @7%3 536 Commercial Avenue Palisades Park, N. J. 
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Knereg. 


and Research Programs may be 
greatly abbreviated by a Philbrick 
Analog Computor of the high- 
speed all-electronic variety. 

Dollars and days in surprising 
numbers have been saved by en- 
terprising engrs. who have recog- 
nised the applicability of these 
little machines to their develop- 
ment probs. 
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How do we stabilize this struc- 
ture or system? What is the 
optimum combination of these 
parameters? Why cannot this proc- 
ess be accelerated without sacri- 
fice in efficiency? — 

Questions of this sort and many 
others are answered regularly by 
analog systems assembled directly 
and conveniently from GAP/R 
Computor Components. 

High-speed operation and _ all- 
electronic construction mean fast 
oscilloscopic solutions; they mean 
economy and versatility; and they 
mean the ability to explore quan- 
titatively the inter-relation of con- 
ditions in a complex problem, and 
to come out with practical answers 
which might never have been ob- 
tained by any other means. 


Write for 
latest catalog 
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NEW INSTRUMENTS 








ray tube. Equipment is available with 
one or two goniometers and rate-meter 
circuits. Geiger counter has high sensi- 


| tivity and long life. Characteristics in- 





clude short resolving time, stable re- 
producible functions, and rate-meter 
indications. Weight of single unit is 
250 lbs.—Research & Control Instru- 
ments Div., North American Philips 
Co., Inc., 750 S. Fulton Ave., Mt. Ver- 
non, N.Y. 


Mention No. 1130 when filling out card. 





Vacuum Leak Locator 


New “Type EMV-7” hydrogen-sensi- 
tive ionization-type leak locator weighs 
only 31 pounds. Vacuum system can be 
pumped down within two minutes. Can 
detect leaks as small as 1x 10° liter- 





microns of hydrogen per second. Heart 
of leak locator is _ sealed-off high- 
vacuum gage tube “RCA type 1945,” 
which responds only to hydrogen.. In- 
strument has stable d-c. amplifier, mi- 
croammeter, and self-contained power 
supply. Operates from 110-v. 60-cycle 
line—Scientific Instrument Section, 
Radio Corp. of America, Camden, N. J. 


Mention No. 1131 when filling out card. 





Laboratory Hot-plate 
New heavy-duty laboratory hot plate 


| with graduated “Chromatrol” heat 








| control permits infinite variability of 


first 50-percent of total wattage of 
unit. By selecting models rated be- 
tween 660 and 200 watts, any desired 
surface temperature up to 800 deg. F. 
can be maintained. Operate on 120 or 
240 v. a.c. Design incorporates totally 
enclosed resistor wires and coolness of 
handling.—Edwin L. Wiegand Co., 7568 
Thomas Blvd., Pittsburgh 8, Penna. 


Mention No. 1132 when filling out card. 


Controlled Water Bath 


New “Isotemp Bath” maintain 
stant bath temperature within nn 
deg. C. over range from minus 5 to 
plus 107 deg. C. Electronic cireyit con- 





trols 400-watt and 800-watt heaters, 
Unobstructed top surface for inserting 
samples. Motor stirring keeps entire 
10-gallon content constantly in motion, 
Accessory cooling coil available.—Fish. 
ev Scientific Co., 717 Forbes St., Pitts. 
burgh 19, Penna. 


Mention No. 1133 when filling out card, 





9-Channel Oscillograph 


New “Type 5-118” oscillograph re- 
cords nine sources of data, yet is only 
5x5x8 in. Operates from 28-v. d-, 





power source. Standard “Type 7-200” 
galvanometers are easily adjustable or 
replaceable when film magazine is re- 
moved. Translucent cover hinges to 
become graduated screen for vertical 
and horizontal adjustment of light 
spots.—Consolidated Engineering Corp, 
300 N. Sierra Madre Villa, Pasadena 
8, Calif. 

Mention No. 1134 when filling out card. 





Impedance Bridge 


New “Model 250-C” universal im- 
pedance bridge has following ranges: 
Resistance—1 milliohm to 11 megohms; 
capacitance.—1 uuf. to 1100 uf.; m- 
ductance—1 uH. to 1100 H.; dissipation 
factor (D = R/X =RwC)—0.001 to 1); 
storage factor (Q = X/R = wL/R)- 
0.02 to 1000. Internal bridge oscillator 
is 1000-cps. microphone hummer. Gal- 
vanometer is used for resistance meas 
urement; terminals for headphones 
auxiliary “Model 855-A amplifier-osell 
lator” are used for a-c. null-detectio 
measurement of L and C. Power is fou! 
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“p” flashlight cells, or external battery 
or oscillator.—Dep’t I-3, Brown Elec- 
tro-Measurement Corp., 4635 S. E. 
Hawthorne Blvd., Portland 15, Oregon. 
Mention No. 1135 when filling out card. 





Low-frequency Oscillator 


New “Model 420-A” low-frequency 
oscillator simultaneously provides sine 
and square-wave voltages at any fre- 
quency between 0.35 and 52,000 cps. 






Features include low distortion and 
hum, calibrated output-level control, 
amplitude constancy over entire fre- 
quency range, fast AVC action, ver- 
nier tuning control, and _ single-scale 
logarithmic dial—Krohn-Hite Instru- 
ment Co., 580 Massachusetts Ave., 
Cambridge 39, Mass. 


Mention No. 1136 when filling out card. 





Regulated Power Supply 


New “Model 1020” regulated high- 
voltage power supply has low ripple 
content and low output impedance. 


Supply is variable from 0 to 1000 v. 
and delivers from 0 to 50 ma. A 6.8- 
volt 10-ampere a-c. supply is included. 
Weight is 66 lbs.—Kepco Laboratories, 
Ine., 149-14 41st Ave., Flushing, N. Y. 


Mention No. 1137 when filling out card. 





Power Supply 


New “Model N” supply provides a 
continuously variable source of filtered 
d-c, power (0-28 volts at 15 amp.) for 
operating and testing electronic equip- 








Here’s why 
those in the know 
—demand 


All contacts machined from 
solid bar stock and 
electroplated with silver. 
Insert retaining screw 
threads into metal barrel 
instead of plastic... inserts 
can be removed easily. 


Full-floating, non-twisting 
socket contacts provide 
alignment, relieve strain 
on contacts. 


Solder cups hand tinned 
inside only, make clean 
soldered connections. 


Die-cast zinc integral cable 
clamp swaged to steel shell. 







Improved rubber bushing serves as 
cable relief, gives added insulation 
and weatherproofing. 





Improved patented latch locks 
connectors for added safety. 


If you talk to sound technicians anywhere you'll find 
Cannon Type P connectors are the accepted standard of 
quality ... taking a beating day in day out where frequent 
changes in circuits are required on all kinds of jobs up 
to 30 amp. capacity. 

The close attention to important details called out in 
the above illustration is typical of the care used in the 
design and construction of all Cannon Plugs—the world’s 
most complete line. 

The above type series is distributed through 
selected franchise distributors. The line is fully 
described in the Type P Bulletin. Engineering 
bulletins describing each of the many basic 
types of Cannon Plugs will be sent on request. 


Type P insert arrangements include 
2-3-4-5-6 and 8 contacts. All con- 
tacts are 30 amp. capacity except 
those in P-8 layout which are15 amp. 
Full scale layouts, front view pin in- 
sert, engaging side, shown at right. 


CANNON 
' ELECTRIC 


Since 1915 
CANNON ELECTRIC COMPANY 
LOS ANGELES 31, CALIFORNIA 
Factories in Los Angeles, Toronto,-New Haven. Repre- 
sentatives in principal cities. Address inquiries to Cannon 


Electric Company, Department K-180, P. 0. Box 75, Lincoln 
Heights Station, Los Angeles 31, California. 
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NEW INSTRUMENTS 










Winding-insulation Tester 


New d-c. winding-insulati 
for d-c. armatures, series field coils 
low-impedance a-c. stator coils consists 
of surge-voltage generator and cathode 
ray oscilloscope. Test voltage ig ap. 


plied to commutator of armature being 








These Choppers convert low level 
OC into pulsating DC or AC so that 
servo-mechanism error voltages 
and the output of thermocouples 
and strain gouges, may be amplified 
by means of an AC rather then a 
OC amplifier. 

































They ore hermetically sealed, 
Precision vibrators having special 
fi which ib te long 
life and low noise level. 
Faso xe 
; WRITE FOR THESE 


: CATALOGS... 


; #280 
10-500 cycles 
3 60 cydes 
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ment, relays, plating operations, etc. 
Uses bridged selenium rectifiers. Volt- 
meter and ammeter are accurate to 2 
percent. Operates from 110-v. 60-cycle 
source.—Electro Products Laboratories, 
Inc., 4501 N. Ravenswood Ave., Chi- 
cago 40, Ill. 

Mention No. 1138 when filling out card. 





Pulse Generator 


New “Rada-Pulser” pulsed carrier 
in transient-re- 
Carrier frequencies 
Pulse widths are 


generator is useful 
sponse analysis. 
are 30 and 60 Me. 





0.1 and 0.25 microsecond. Pulse repe- 
tition rate is variable from 500 to 2000 
pps. Maximum r-f. output is 1 volt at 
70 ohms. Pulse output is 50 volts at 
70 ohms. Positive and negative trigger 
pulses are furnished ahead of pulsed 
carrier to trigger oscilloscope sweep 
circuit.—Kay Electric Co., Pine Brook, 
N. J. 


Mention No. 1139 when filling out card. 





Magnetic Testing Desk 


New d-c. magnetic testing desk con- 
tains all equipment necessary for d-c. 
magnetization and hysteresis tests and 
flux measurements. Nearly all mag- 





netic materials can be tested. Sloping 
top places all controls within easy reach 
of operator. 
rent is adjustable from zero to 40 amps. 
Operates on 125-v. d.c. 
cycle a.c.—Special Products Div., Gen- 
eral Electric Co., Schenectady 5, N. Y. 


Weight is 600 lbs. Cur- 
and 115-v. 60- 


Mention No. 1140 when filling out card. 














































tested. Surge generator consists of 
0.5-uf. capacitor which is charged in 
one half-cycle and discharged in next 
half-cycle. Voltage is adjustable to 
7500-v. -peak. Discharge is through 
Ignitron§ rectifiers. Standing wave, 
shown on oscilloscope screen, indicates 
if surge wave is of proper shape and 
amplitude. Weight is 800 lbs. Operates 
on 230-v. 60-cycle supply.—Special 
Products Div., General Electrie Co, 
Schenectady 5, N. Y 


Mention No. 1141 when filling out card, 


High-current Tester 


New “Model 1002 Multi-Amp,” for 
testing and calibrating current-actu- 
ated devices, supplies any current from 
0 to 500 amp. to device connected to 





a 


output terminals. Furnished for either 
110- or 220-volt 60-cycle operation. 
Maximum output of 1200 amp. may be 
used for short periods. Equipped with 
4-range 4-in. ammeter, circuit breaker, 
and fuse.—Multi-Amp Corp., 121 Cross 
St., Harrison, N. J. 

Mention No. 1142 when filling out card. 





Frequency Counter 


New “Model 524A” frequency count 
er measures frequencies from 4 few 
cps. to 10 Me. For frequencies above 
300 cps., instrument counts cycles 
a fixed counting period and_ displays 
count (frequency) on digital indicator. 
For low frequencies, duration of a cycle 
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in a 10-cycle sample is indicated. Cir- 
cuits include crystal-oscillator-con- 
trolled gate generator, which develops 
accurate counting interval, and pulse- 
counting  circuits.—Hewlett-Packard 
Co., 395 Page Mill Rd., Palo Alto, Calif. 


Mention No. 1143 when filling out card. 








Single-sweep Accessory 


New “Type 121” single-sweep acces- 
sory provides one pulse to trigger sin- 
gle sweep of a cathode-ray oscilloscope 
at start of any complex wave pattern, 


STERYAE, AETAUMEATS 


wOEL it ah me 





633 


and at no time thereafter. Output is 
a single negative output pulse from 
either a positive or negative input sig- 
nal. Input required is 0.1 volt, and may 
be obtained from signal or external 
transducer. Operates from 110-v. 60- 
cycle supply.—Sterling Instruments 
pe 13331 Linwood Ave., Detroit 6, 
Mich. 


Mention No. 1144 when filling out card. 





Xenon-filled Rectifier 


New “RCA-3B28” xenon-filled half- 
wave rectifier tube is designed to per- 
form under extreme ambient tempera- 
tures from minus 75 deg. to plus 90 deg. 
C. Rated at (1) peak inverse anode volt- 
age of 10,000 volts and average anode 
current of 0.25 amp., or (2) peak in- 
verse anode voltage of 5000 volts and 
average anode current of 0.5 amp. Volt- 
age drop is 10 volts. Has medium-shell 
small 4-pin base with bayonet. Length 
Ps ‘ in—RCA Tube Dep’t, Harrison, 


Mention No. 1145 when filling out card. 





Servo Motors 


_New low-inertia servo motors with 
high-voltage control windings eliminate 
transformers in servo amplifiers, there- 








CONSOLIDATED ENGINEERING CORPO- 
RATION’S Leak Detector shows the ex- 
istence or absence of any leak, the rate 
of leakage, and the exact location. Its 
almost unbelievable sensitivity will ac- 
tually detect leakage at the rate of 1 c.c. 
in 31 years. 

Above we see a corner of Lear, 
Incorporated’s immaculate instrument 


+ 


rere. | 
weit pI, 
eee ‘ 
._) Cada 
av == AE, 


2 








Furnished as a complete, compact unui 
mounted on rubber casters. Standard equip- 
ment includes both risnal and audible ind:- 
ators 


designed, 
manufactured and 
sold by 


‘Photo courtesy Lear, Incorporated, Grand Rapids, Mich.) 












checks hermetic sealing 
of instruments 


products plant at Grand Rapids, Michi. 
gan. The operator is testing the her- 
metically sealed housings for gyro 
assemblies, components of the famous 
Lear Autopilot. -The CEC Model 24- 
101A Leak Detector in use here is the 
only instrument sensitive enough for 
low-volume, low-pressure applications 
of this type. 

In addition to this highly critical 
detecting operation, CEC’s Leak De- 
tector 1s ideal for industrial or labora- 
tory vacuum equipment, high pressure 
cylinders, compressor units moving on 
an assembly line, glass-to-metal seals in 
electronic equipment, valves, welded 
and soldered joints, and many others. 

For complete infor- 
mation on construction, 
operating principle. and 
application of CEC 
Model 24-101A_ Leak 
Detector, request your 
copy of this profusely 
illustrated, 16-page bul- 
letin CEC-1801-X32. 


Consolidated 
LEAK DETECTOR 





CONSOLIDATED ENGINEERING 


Corporation 


Analytical Instruments for Science and Industry 
300 N. Sierra Madre Villa GD Pasadena 8, California 
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NEW INSTRUMENTS Lamp Annunciators — 
New heavy-duty “Type Annig Ap. High 
nunciator” uses lamp units with 2-in, 
a Bi f; | x E a R S beehive lenses. Plug-in relays mount A 
Par: 
wanted af once 
. ae 

NORTH AMERICAN by saving weight and space. Available Li 

AVIATION, INC. in 0.5, 1.5, 5, and 10 watt sizes, motors 
have close-coupled windings for feed- Nat 

“ : back purposes.—Ford Instrument Co., 

Los Angeles, California 31-10 Thomson Ave., Long Island City, 
N.Y. Com) 





Mention No. 1146 when filling out card. 


































: directly on rear of lamp units, F 

wi i . For 

Unusual opportunities for Aerody- Servo Kit all voltages up to 250 v. ac. or de, 
namicists, Stress Engineers, Aircraft New servo kit is servomechanism sys- Available with 2-in. dia. flat lenses, 
Designers and Draftsmen, and special- tem which operates on linear-trans- Automatic service provides audible as 


yay . . - former principle and allows for meas- well as visual signal.—The H. R. Kirk- 
Wie: tar i anne at arene angnnnes urement of straight-line motions such land Co., Morristown, N. J. 


ing. Engineering skills other than air- : ; 
craft may be adaptable through paid ails _— Mention No. 1149 when filling out card, Joh 


training program. Also openings for 





Counter Decades 
Recent Engineering College 


New miniaturized four-tube “Elec. 

















and Technological Graduates tronic Counter Decade” is available in 
two models which differ only in maxi- [| — 
Leng-senge sillltery program offers mum counting capabilities. “Model 12” 
fine chance for establishing career oS 
in aircraft while aiding defense effort. sake 
Transportation and established train- MEC 
ing time paid. Salaries commensurate : 
with experience and ability. as displacement of diaphragm, etc. Kit Field 
contains differential transformer, stand- ing i 
ard servomechanism, amplifier, termi- 
nal block, mounting block, and cable. and 
H —Automatic Temperature Control Co., 
Please include summary of Inc., 5200 Pulaski Ave., Philadelphia 
education and experience in 44, Penns. 
Mention No. 1147 when filling out card. 
reply fo: 
Engineering Personnel Office Variable Transformer 
New “Type 71-A Variac” transformer 
Section 9 furnishes adjustable low-voltage 60- 
si cycle power. Core withstands 1250- 
ee & Bey INST 
NORTH AMERICAN counts at rates to 130,000 counts per 
sec. “Model 13” counts at rates to 30; Len 
000 counts per sec. Features include has op 
AVIATION, INC. four-lamp binary decimal indication al- — 


ranged in 1-2-4-8 coding. Available ing. C 








with either remote panel-mounted four- grounc 
Los Angeles International Airport lamp readout or small plug-in nemp | footy 
cluster.—Potter Instrument Co., Ine, eration 
Los Angeles 45, Calif. | 115 Cutter Mill Rd., Great Neck, N.Y. pa 
5 os Mention No. 1150 when filling out card. sufficie 
or : instru 
volt breakdown test. Continuous out- Salary 

Columbus (6, Ohio put current rating is 5 amperes with . 
: output voltage range from zero to 13 Self-focusing C-r. Tube ne 
volts.—General Radio Co., 275 Massa- New “ ” Reply 
oe? New “Selfocus” cathode-ray tube re Co. a 
chusetts Ave., Cambridge 39, Mass. quires no focusing controls or devices ps 

















Mention No. 1148 when filling out card. Principle can be used in any size call 
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Research 
* 


Parabolic, Spherical, Ellipsoidal 
and Plane Mirrors 
* 


Plane Parallel PLATES 
= 


SCHLIEREN SYSTEMS 
e 


Interferometer PLATES 
r) 


LeNsEs and Prisms of Glass 
* 


Natural or Synthetic CrysTAts 
e 
Complete Optical and Mechanical 
INSTRUMENTS 
td 
Made to Specifications 
® 
High Vacuum Coating 
e 


John Unertl Optical Co. 


3551-3555 East Street 
Pittsburgh 14, Penna. 








ENGINEERS 
MECHANICAL AND ELECTRICAL 


Field Service, Design, and Estimat- 
ing in the field of pneumatically 
and electrically operated controls. 


Write to or see: 


Mr. R. C. Cibella 
Hagan Corporation 
323 Fourth Avenue 
Pittsburgh 22, Pa. 








INSTRUMENT DEVELOPMENT 
ENGINEER 


Large eastern chemical industrial concern 
has opening for an outstanding instrument 
engineer with a B.S. or M.S. degree in 
chemical, mechanical or electrical engineer- 
ing. Candidate should have a solid back- 
ground | in physics. Prefer a few years’ 
industrial experience. Work involves suffi- 
cient knowledge of instruments and the op- 
eration to select and apply these instruments 
to the measurement and control of various 
chemical processes. Candidate should have 
sufficient knowledge to modify available 
instruments to meet special applications. 
Salary and opportunity above average. 


Reply should include age, education, ex- 
perience? salary requirement and address. 
ly to Box 203,’ Instruments Publishing 
Co., 921 Ridge Ave., Pitishurgh 12, Pa. 





SHALLCROSS MATCHES YOUR 





Precision Resistor 


Requirements! 








4 


+» for MINIATURI- 
ZATION PROGRAMS 


hallcross has led 
he production of 
endable close- 
high-stability re- 
iature sizes. 
etically 
ilable. 


For years, S 
the way int 
truly dep 
tolerance, hit 
sistors in min 
Standard and herm 
sealed types are ove 





Shallcross regularly produces 
hundreds of special precision re- 
sistor types including precision 
power resistors, resistors with 






- +. for SPECIAL 
ASSEMBLIES 


ility on 
... for real dependabi 
STANDARD INDUSTRIAL USES 


0 economical standard types 
each available in numerous 
ectrical adaptations. 
Data Bulletin R3A. 


..eover 4 


and sizes, 
mechanical and el 
Write for Shallcross 


...for JAN 
EQUIPMENT 


Shallcross is in constant touch with 
the latest military precision resistor 
requirements. The present line in- 
cludes 13 types designed for JAN 
characteristic ''B” and 4 types for 
characteristic "'A”’. 





oe f0F HIGH-STABILITY 
APPLICATIONS 


Many Shallcross an ago 
resistors are available = 
guaranteed tolerance ° 
0.01% and stability fo 
0.003%. Matched pairs an 














axial or radial leads and multi- 
unit strip resistors (illustrated) with 
either inductive or non-inductive 
windings. 


sets are supplied to close 
tolerances. 


SAATUCROSS 


SHALLCROSS MANUFACTURING COMPANY 


COLLINGDALE, PA. 
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The $-8 Oscillograph, long the standard of oscillographic recording, has 
been improved to meet the expanding demands of modern research. The 
NEW Type S-8 Oscillograph has ali the inherent capabilities you need to 
record rapidly ch i h such as vibration and dynamic strain. 


ws 


A few of the newest features are: 

QUICK-CHANGE TRANSMISSION — 16 record speeds over range of 120:1 
FULL RESILIENT MOUNTING makes possible use of super-sensitive galva- 
nometers 

CHART TRAVEL INDICATOR provides continuous indication of chart motion 
NEW GALVANOMETER STAGE takes all Hathaway galvanometers for 
recording milliamperes, microamperes, and watts. 

NEW RECORD-LENGTH CONTROL and NUMBERING SYSTEM for long, 
trouble-free service 


All the other valuable features characteristic of the $-8 are retained. &. an 
Investigate the NEW Type S-8 and its 170 types of galvanometers. x 





Write for Bulletin 2B 1-H 





INSTRUMENT COMPANY. 


1315 SO. CLARKSON STREET ¢ DENVER 10, COLORADO 








designed for 
exacting 


pressure applications 



















HEISE GAUGES 


STANDARD OF THE WORLD 


Tue cHoice of Bourdon tubes used in Heise Gauges is governed 
by pressure medium and pressure range. An infinite number of 
Bourdon tube designs is available to meet exacting requirements 
for accuracy and stability in many pressure media, including 
mercury. 

There are no stock gauges. Every Heise Gauge is manufac- 
tured on special order. Ranges: 0-15 to 0-10,000 psi. Sizes: 844”, 
12” and 16”. Prices: $151.60 to $211.20. Gauges for use with 
mercury are $20.00 extra. Write for catalog. ; 


Heise Bourdon Tube Company, Inc. 
Newtown, Connecticut ’ 
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NEW INSTRUMENTS 


d tub d is bei 

ode-ray tube and is being incor 

in 17-, 20-, and 21-inch “Teletrons 
Cathode-ray Tube Div., Allen B Du. 
Mont Laboratories, Inc., 750 Bloomfield | 
Ave., Clifton, N. J. 


Mention No. 1151 when filling out card 






























Small Synchronous Motor 


New small synchronous motor, Oper- 
ating on reluctance principle, has no 
brushes, slip rings, rotating coils, or 
permanent magnet. Can be built to 
operate at any voltage below 250 volts, 
Typical motor is 4 in. dia. by 2% jp, 
long, weighs 2.6 Ibs., and develops 8 
oz.-in. starting torque and 0,8 jp, 
synchronous torque. — Allis-Chalmers 
Mfg. Co., Milwaukee 1, Wis. 


Mention No. 1152 when filling out card, 





Small Relay 


New “Type KX” relay is refinement 
of “Type K” to provide increased 
sensitivity and operating range. Has 
longer coil and can be wound to re- 





sistance of 8000 ohms. Coils are single 
or double wound. Operating voltage is 
to 175-v. d.c.—C. P. Clare & Co., 4719 
West Sunnyside Ave., Chicago 30, Ill. 


Mention No. 1153 when filling out card, 





Electronic Relays 











New electronic relays have sealed 
contacts. “Model E-3” has d-c. control 
and isolating transformer which per- 





MODEL E-1 MODEL E-3 


mits grounding either side of circuit 
“Model E-2” and “E-1” are similar but 
simplified.—Emil Greiner Co., 20-26 N. 
Moore St., New York 18, N. Y. 


Mention No. 1154 when filling out card. 





Delayed-reset 
Time-delay Relay 


New time-delay relay uses _ basic 
“Series 6400” d-c. and “Series 11400 





a-c. time delay relay. Makes possible 
delayed reset preportional to time de 
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lay, and a circuit reclosure time pro- 
portional to length of current interrup- 
tion. Reset is controlled by escape- 
ment mechanism which adds approx- 
imately 3/4 in. to length of maker’s 
standard time-delay relay.—A. W. Hay- 
don Co., 232 N. Elm St., Waterbury, 
Conn. 

Mention No. 1155 when filling out card. 





Magnetic Blow-out Switches 


New “MT” series of small-size 
“Micro” magnetic blow-out switches 
for switching high-voltage d-c. circuits 
may be used polarized or non-polarized. 





Dimensions are same as_ standard 
“Micro” precision switches for a-c. 
switching. Single-pole double-throw 
switches now available-—Micro Switch, 
Div. of Minneapolis-Honeywell Regu- 
lator Co., Freeport, Ill 

Mention No. 1156 when filling out card. 





Snap-action Switches 


New “Model 2000” and “Model 2001 
snap-action switches employ over-cente: 
coil-spring construction which permits 
wide range of actuating pressures by 





[ eerie eee ee 


specifying spring-element characteris- 
tic. UL rating is 6 amps, 125-v. a.c. 
and 3 amps, 250-v. a.c. Adaptations 
available in contact size and materials, 


spring pressures, actuator shapes, -}- 
mounting holes, and multiple mount- | 


ings.—Cherry-Channer Corp., 1488 Sko- 
kie Blud., Highland Park, Ill. 


Mention No. 1157 when filling out card. 





Switches 


_ New rotary switches are constructed 
m accordance with applicable JAN 
and MIL specifications. Features in- 
clude silver-alloy contacts and slip 
rings, knee-action rotor, roller-type 
detent action, and switch stops. Spe- 


























MOST POWERFUL MOTOR =e 
MADE IN THIS FRAME 
FULL ‘is HP AT 1800 RPM 

SIZE 4-38” x 5-78” 

115V 60 CY SINGLE-PHASE 

CAP. START AND RUN, 5 MFD. 


TEMP. RISE 40° CONTINUOUS 
DUTY 


RATED LOAD 1.2 AMP. 













REVERSIBLE 


PULL-OUT TORQUE 2.5 IN. LB. 
PULL-IN TORQUE 2.55 IN. LB. 
STARTING TORQUE 2.65 IN. LB. 


OTHER UNITS AVAILABLE IN VARIETY OF SIZE, 
VOLTAGES, AND FREQUENCIES . . . ONE, TWO, 
AND THREE PHASE. 


ELECTRIC INDICATOR CO. 
CAMP AVE., SPRINGDALE, CONN. 


DESIGNERS AND MANUFACTURERS OF GOVERNOR-CONTROLLED, 
SELF-SYNCHRONOUS, DRAG-CUP, DC AND AC TACHOMETER, 
SHUNT, SERIES, COMPOUND,’ PERMANENT-MAGNET, SPLIT- 
FIELD, SEPARATELY EXCITED, UNIVERSAL, INDUCTION, RELUC- 
TANCE, HYSTERESIS, DC & AC SERVO, REELMOTOR, TOTALLY- 
ENCLOSED, AC DYNAMICALLY BRAKED, STABILIZED HYSTERESIS, 
MULTIPLE-SPEED, PRECISION FRACTIONAL HORSE-POWER 
MOTORS AND GENERATORS. 
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"PRECISION 
INSTRUMENTS ~ 


For an illustrated description of how PERMOPIVOTS are made, 
ask for the PERMOPIVOT booklet... Free on requcst. 


CLEANING’ 


Don't tear down 
your instruments! 


The ENG-SOL Method 
of Precision Parts clean- 
ing now makes it possi- 
ble to whisk away finger- 
prints, oil, grease, dirt, 
lapping compounds, ab- 
rasives, lint, or other 
contamination. 


Our bulletin "Precision 
Cleaning" describes this 
new high-velocity com- 
pressed air method of 
cleaning. 


Send for it —today. 


PASSAIC ANALYTICAL 
LABORATORIES, Inc. 


228 Aycrigg Ave. Passaic, N. J. 
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HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 42 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
inexpensive. 


The Shore Instrument 
—_& Mfg. Co., Inc. 


90-35 Van Wyck Expressway 
Jamaica 2, N. Y. 


NEW INSTRUMENTS 


cial switches are available for igh 
speed applications with various ratios 
of on-off time and angular spagj - 
live contacts—The Daven (Co, 
Central Ave., Newark 4, N. J. 


Mention No. 1158 when filling out carg 


Rotary Selector Switch 


New revised line of “Type JA” ro. 
tary selector switches are 
switches with large number of contact 
points and multiple decks. Each deck 
is self-contained, self-aligning, anq 
easily replaced. “O” ring seal on 
both shaft and mounting bushing gq). 
lows watertight mounting.—United 
States Instrument Corp., 409 Broad 
St., Summit, N. J. 


Mention No. 1159 when filling out card, 


Precision Resistors 


New “Type 61-6 Group” precision 
wire-wound resistors, supplied on vari 
ous mounting forms, have stable resist. 
ance characteristics and small size, 


“Type 61-6-17,” supplied up to 250 K, 
has length of 0.406 in. and rating of 
0.15 watt per section. “Type 61-6-2” 
supplied up to 12 megohms, has length 
of 0.812 in. and rating of 2 watts per 
section. Six intermediate types avail. 
able. —Cole Instrument Co., 1820 8. 
Grand Ave., Los Angeles 15, Calif. 
Mention No. 1160 when filling out card, 


Small Power Resistors 


New “Dalohm”’ miniature power re- 
sistors are made in 2, 5, 10, 25, and 
50-watt sizes. Special silicone material 
seals resistance element from mois- 


ture. Standard tolerance is 1 per 
cent; tolerances to 0.05 percent cal 
be furnished. Temperature coefficient 
is less than 0.00002 percent per deg 
C.—Dale Products, Inc., Columbus, Neb. 


Mention No. 1161 when filling out card. 


Precision 
Potentiometer-rheostats 
New “C-200 series” precision potet: 
tiometer-rheostats are available s! 


or ganged in both linear and nonlines! 
windings. Ganging method permits & 





geles 15 


Mention 





ae 


hasing of individual units at 
bid Taps can be furnished at 
specified points. Resistance range is 
10 to 200,000 ohms, up to +1 percent. 
Linearity up to +0.25 percent. Rating 
is 4 watts. Torque is 1 oz. inch per 
getion. Weight is 5 oz.—Industrial 
Div, Dept. I-C, DeJur-Amsco Corp., 
45-01 Northern Blvd., Long Island City, 
N.Y. 


Mention No. 1162 wnhe filling out card. 








Precision Wire-wound 
Potentiometer-rheostats 


New “Series 156A Precision Poten- 
tiometers” are compact, rugged, and 


Trecision 
On vari. 
> resist. 
Il size, 





rating—2 watts, linearity tolerance— 
+1.0 percent, resistance range—5 to 
20,000 ohms, resistance tolerance—+5 
percent, static starting torque—0.8 oz. 
in, and weight—1.5 oz.—Cole Instru- 
ment Co., 1820 S. Grand Ave., Los An- 
geles 15, Calif. 


Mention No. 1163 when filling out card. 








Heavy-duty Test Prods 


New “Type-H Klipzon” heavy-duty 
self-holding test prods and leads, de- 
signed for clipping to conductors up 
to #4 B & S gage, are provided with 





large sharp self-holding points for 
piercing insulation. Leads are four- 
feet long and consist of 16 strands of 








| per- 

it #30 B & S gage copper with insula- 
ficient | 1On.—United Technical Laboratories, 
r deg. Morristown, N. J 

3, Neb. Mention No. 1164 when filling out card. 
card, 

Sealed 
Potentiometer-rheostats 
ts New series of waterproof controls 





are available in wide range of resist- 


ihe ances and wattages. Rubber “O” ring 
tinest shaft creates water-tight seal for pres- 
ts ex 


accurate. Specifications include: power . 








LORD 


BONDED-RUBBER 



















P N-CONTROL PART OF DESicy 
OR MAKING VIBRATIO ; '¢ 


Danae ee Ro Oo ee 


@ There is a solution to the problem of undesirable vibration 
—LORD Bonded-Rubber Mountings. The result . . . improved 
product performance in many ways. LORD Mountings make 
mechanical equipment smoother . . . quieter . . . easier to 
operate... easier to sell. They protect precision and accuracy 
... increase personnel efficiency and production . .. prolong 
service life and reduce maintenance costs .. . save vital material 
... Cut scrap loss. 

LORD Mountings have been found indispensable for hun- 
dreds of modern products. They offer many advantages for the 
simplification of design, reduction of weight, speedier and 
more economical assembly, and greater operating efficiency. 

To attain these performance improvements, vibration-control 
should be planned as an integral part of your product. LORD 
Engineers will assist you to most effectively adapt flexible 
mountings to your designs... select mountings of proper type, 
size, and deflection . . . position the mountings for greatest 
effectiveness. 

Whether you make sensitive instruments or massive 
machinery, it will be to your advantage to make LORD Vibra- 
tion-Control part of design. For improved product sales appeal, 
bring your vibration problems to LORD . . . Headquarters for 
Vibration-Control. 


LORD MANUFACTURING COMPANY, ERIE, PA. 
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Sensitive Rugged 
Dependable 








HEILAND GALVANOMETERS 


of high current and voltage sensitivity are the heart of 
Heiland recorders. 

Heiland galvanometers are available in natural 
frequencies ranging from 32 cycles per second to 4700 
cycles per second. All galvanometers are electromag- 
netically damped with exception of those having nat- 
ural frequencies above 450 cycles per second; these are 
fluid damped. Permanent magnet assemblies are avail- 
able for mounting 2, 6, and 12 Heiland galvanometers. 


For further 
information on 
Heiland 
Galvanometers, 
Multi-Channel 
Oscillograph 
Recorders or 
Associate equip- 
ment, write or 
wire... 





130 East Fifth Ave. 


“ HEILAND RESEARCH CORPORATION oenver, coto. : 


MICO 


Precision Apparatus 


UHE COAXIAL WAVEMETERS 














Protects eqns 
Pulsation 
and Shock! 


Snubbers - 


Eliminates 
| 
| It Can't Plug- 


2-75 
CENTIMETER | The Most Significant Pressure Gage 
RANGE : 
Development in 50 Years. 
MODEL 433 _________. 20 to 75 Centimeters 
¢ For the first time, a successful means of eliminating 
MODEL 501 4 to 20 Centimeters the effect of pulsation and shock on pressure gage 
MODEL 402A ___. 2 to 10 Centimeters mechanisms has been developed which DOES NOT 
MODEL 402B _____ 2 to 10 Centimeters introduce an orifice or restriction in the pressure 


connection. 


(Reaction Type) 


MICO INSTRUMENT CO. 


86A Trowbridge St., Cambridge, Mass. 


It Can't Plug 


FOR COMPLETE INFORMATION, 
WRITE FOR CATALOG C-50 


ACRAGAGE CO. 


NEW INSTRUMENTS 










sure equivalent to six-foot head of 
water. Similar “O” ring is used on 
mounting surface of bushing. Rings 
meet extreme temperature requirements 
and are resistant to oils and greases — 
Clarostat Mfg. Co., Inc., Dover, N. H. 


Mention No. 1165 when filling out card, 





High-rate-discharge 
Storage Cells 


New group of “Silvercel” storage 
batteries are 20 amp.-hr. high-rate- 
discharge cells. “Model 20 HR-15” js 
for 1- to 10-hr. discharge at rate of 
2 to 15 amp. “Model 20 HR-GS” and 
“20 HR-BS” are for 6-min. discharge 
at rates up to 150 amp. Dimensions 
are 4x2x1.75 in. Weight is 12 o. 
Cells are spillproof, leakproof, resistant 
to shock, and nonpoisonous.—Yardney 
Eelctric Corp., 105 Chambers St., New 
Tork, N.Y. 


Mention No. 1166 when filling out card, 





Solderless Terminal 


New “Amp Pre-insulated” flag-type 
solderless terminal has body insulation. 
Terminal can be installed with one 
stroke of tool on standard wires in 
ranges from #22 to #10. Color-coded 
plastic sleeve is bonded to thin copper 
sleeve attached to terminal barrel— 
Aircraft-Marine Products, Inc., 2100 
Paxton St., Harrisburg, Penna. 


Mention No. 1167 when filling out card. 





Electrical 
Insulation Material 


New “Quinterra Type 3” is asbestos- 
base silicone-treated high-temperature 
electrical insulation. It is Class-H in- 
sulation, as defined by AIEE stand- 
ards, for service at 180 C. Used for 
both inter-layer and wire-wrapping In- 
sulation. Dielectric strength is 350 
VPM at 180 C., even at high humidity. 
Supplied in sheets, rolls, and tapes i 
thicknesses from 3 to 9 mils.—Johms- 
Manville, 22 E. 40th St., New York 
16; NV. 2s 
Mention No. 1168 when filling out card. 





Safety Cleanout Valve 


New “Liquidepth” safety cleanout 
valve is a combination of 3 valves whieh 











MILFORD, CONN 
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safely (1) connects buried tanks 
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nout 
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“Petrometer” tank level gage, (2) dis- 
Eaeerts level gage from tank and from 
atmosphere for pumping out water and 
sludge in tank, and (3) connects suc- 
tio pump to tank.—Liquidepth Indi- 
cators, Inc., One Star Square, Long 
Island City, 1, N. Y. 

Mention No. 1169 when filling out card. 





Purge Meter 


New “Brooks Mite” acrylic-plastic 
purge meter eliminates packing glands 
and glass parts. Comes in four sizes 
with range of 0.01 to 54.0 gal. per hr. 


Model R2000 


water and 0.2 to 216 cubic ft. per hr. 
air. Rate of flow is indicated by posi- 
tion of spherical float in metering tube. 
“Model R 2000” has etched reference 
marks for approximate flow indication. 
Direct flow readings are made with 
“Model S 2000.” Both are safe for pres- 
sures up to 100 psi. and temperatures 
to 200 deg.—Brooks Rotameter Co., 
Box 432 Z, Lansdale, Penna. 


Mention No, 1170 wnhe filling out card. 





Nylon Bearing 


New “Nylined” bearing uses “Du 
Pont FM 10001” bearing material, 
which performs well with no lubricant; 
IS resistant to abrasion; can stand 
temperatures above 250 F; and is un- 
affected by most chemicals. Surface 
which develops on Nylon has low fric- 
tion coefficients, damps mechanical vi- 
bration, and provides smooth operation. 








PAU Ge) Wile 
RESPONSE 
TO VARIABLE 


AUTOMATIC 


RESPONSE 
TO VARIABLE 


pi 
INU eV Wile 
RESPONSE 
TO VARIABLE 


AUTOMATIC LIQuiD haga: 
RESPONSE —-F 
TO VARIABLE 


FLOW 





























AUTOMATIC 
RESPONSE 
TO VARIABLE 


pRESSURE 


FOR 
METERED PUMPING 


tn Ulelomilez 
TO VARIABLE PROCESS DEMAND 


The Lapp Pulsafeeder is applicable to all pneumatic or electro-pneumatic 
instrumentation. Operates at constant pumping speed—variable flow results 
from variation only in piston stroke length, controlled by the pneumatic 
cylinder. It is a positive displacement pump, which operates without stuffing 
box or running seal. Its hydraulically-balanced diaphragm acts as a floating 
partition which isolates chemical being pumped from pump parts—to pro- 
tect against contamination of product or equipment. Entire mechanism is 
inherently explosion-proof. 


WRITE for complete description and specifications. Lapp Insulator Co., 
Inc., Process Equipment Division, 476 Maple St., LeRoy, N. Y. 


LOD stat 


PULSAFEEDER 


PISTON-DIAPHRAGM CHEMICAL PROPORTIONING PUMP 
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P ermanent 
Can Be A) im p | 


V Quality Magn 
Prompt Delivery 


Magnet pro 


Magnet Problems 


°+++ If You Have; 
ets 


a : ; 
Provide ~ slp skinner has : 
. oO 


ner e ; 
and productié. 
your 


neers wor 
: yction of the ae 
PPlication? Write or 


THOMAS & SKINNER Steel Products Company 
1120 East 23rd Street - Indianapolis, Indiana 





























guy’ 


Send for Booklets 
1-S-37 portable model 
H-37 heavy duty model 








NEW HERMES, Inc. 
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4 
4 
..+ PANELS UP TO 25 WIDE 


IN YOUR OWN SHOP WITH THE 


NEW EN GRAVOGRAPH 


Portable Model 1-S 


The only portable machine which reproduces 
15 sizes from one master alphabet. 


The only one with adjustable copy holding 
slides for multiline engraving in one set-up. 


Self-centering holding vise for nameplates. 








The Accurate Way to 





Measure Extreme 


Temperatures at a glance 


The Simplified PYRO 


Optical Pyrometer 


SELF-CONTAINED. No 
correction charts, no ac- 
cessories, no up-keep. 
Direct-reading. 


ACCURATE. Permits 
close and rapid temp. de- 
termination—even on 
minute spots, fast-moving 
objects, smailest streams. 
(“Special Foundry Type” 
and wis Range”’ also 
have RED Correction 
Scale for determining 
true spout and pouring 
temps. of molten iron, 
steel in the open.) 


LIGHT IN WEIGHT— 
Only 3 lbs, complete. 
Handy. 


PROVED IN USE— 
Thousands in daily use. 


Stock Ranges 1400°F. 
to 7500°F. 





Write for FREE Catalog No. 80—also catalogs 
on other PYRO Pyrometers 


THE PYROMETER INSTRUMENT CO. 
Plant and Lab. 
BERGENFIELD 4, NEW JERSEY 
In Canada, Sales and Re air Laboratory: 


Dominion Flow Meter Company Limited 
Toronto and Mon 








NEW INSTRUMENTS 


ee 





Inexpensive metal sleeve contains Ny- 
lon bearing surface. Can be furnished 
in plain sleeve or flange type—Thom. 
son ~~ Inc., Manhasset, L, ] 
he x 


Mention No. 1171 when filling out card, 





Metering Pumps 


New “Maisch” line of small metering 
pumps are of fixed and variable capac. 
ity. Floating stainless-steel gears per. 
mit close running tolerances within 
self-lubricating carbon housing. Pump 





heads are demountable and sterilizable. 
Governor-controlled units provide full 
power at all speeds from 10 to 150 
rpm. Variable-speed transmission units 
are adjustable from 0 to 50 ml. per sec, 
Maximum head pressure is 15 psi— 
Mechanical Products Corp., 168 N. 
Ogden Ave., Chicago 7, Til. 


Mention No. 1172 when filling out card. 





Vibration Isolators 


New air-damped unit vibration iso- 
lators cover load range from 8 to 16 
Ibs. Available in “780 series,” “780R 
series.” “896 series,” and “896R series.” 
The “R” series are ruggedized.—The 
Barry Corp., 820 Pleasant St., Water- 
town 72, Mass. 


Mention No. 1173 when filling out card. 





Ceramic Materials 


New “Stupalith” ceramic materials 
can withstand extreme thermal shock 
because of low coefficient of expansion. 
Material is produced in two types: 
with “Zero” thermal expansion and 
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ater- 


i zero thermal expansion, plus 
ogo “Materials are lithium alum- 
‘nosilicate compositions. Can be formed 
eg pressing, extruding, casting and 
ramming, and can be used to 2400 F. 
_Stupakoff Ceramic & Mfg. Co., La- 
trobe, Penna. 

Mention No. 1174 when filling out card. 












Thermoscopic Paints 


New series of “Thermindex” _tem- 
erature-sensitive paints are available 
in 16 basic shades which undergo color 
changes at predetermined temperatures, 
Some exhibit successive color transfor: 
mation at several temperature levels. 
—Tempil Corp., 132 W. 22 St., New 
York 11, N. Y. 

Mention No. 1175 when filling out card. 








Hand Stereoscope 


New light-weight hand _ stereoscope 
for medical radiology weighs only 4 
pounds and occupies only 1 square foot. 





Several persons can view one stereo 
pair at same time. Unit employs Von 
Helmholtz principle—images are fused 
through mirrors.—X-ray Dept., Gen- 
eral Electric Co., Milwaukee 14, Wis. 
Mention No. 1176 when filling out card. 


Telescope 


New compact, lightweight 60-mm. 
telescope, only 16.5 in. long, has fast ac- 
curate method of focusing through in- 
ternal movement of prism. Four eye- 
pieces of varying power—15, 20, 30, 
and 60—are available. Weight is 48 oz. 
—Bausch & Lomb Optical Co., 635 St. 
Paul St., Rochester 2, N. Y. 


Mention No. 1177 when filling out card. 








Driveless Counter 


New “Mod. 19” driveless counter is 
hermetically sealed; has no outside 
driving parts. Regardless of position 
of wheel or shaft, reading at all times 





WRITE FOR 
CATALOG 








Regardless of the in- 
tricacies of an application, 
you can depend on 
prompt and thorough 
evaluation by experienced 
engineers of The A. W. 
Haydon Company. 


From problem statement 
through quantity pro- 
duction, the specialized 

know-how of The A. W. 
Haydon Company is de- 

voted to expeditiously 
fulfilling your requirements. 


The 


‘\.W-MAYDON 


228 NORTH ELM STREET 
WATERBURY 20, CONNECTICUT 
Design and Manufacture of Electrical Timing Devices 





























Write us 
to receive 
copies monthly 





W. S. ROCKWELL COMPANY 


Slide and Butterfly Valves * Steam Traps ¢ Oil Burners 


264 Eliot Street ¢ Fairfield, Conn. 


Latest Developments 
in Control Valves 
for Air - Gases 
Liquids - Semi-Solids 


The W. S. Rockwell Valve 
News describes new develop- 
ments in Rockwell automatic 
and manually controlled But- 
terfly Valves, Slide Valves and 
valves of special design for 
use in plant piping and proc- 
essing equipment for control 
and shut-off. 

It presents interesting ideas 
in design,construction, method 
of valve operation and indus- 
trial applications to meet the 
various conditions of physical 
and chemical nature of the 
material handled, pressure 
and temperature. 

The Valve News is helpful 
in sizing up your current and 
future valve needs. 
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Pneumatic 
Weight 
Transmitters 


FOR LINEAR CONVERSION OF WEIGHT INTO 
POUNDS PER SQUARE INCH AIR PRESSURE 
A complete line of weight transmitters in single and multiple dia- 
phragm construction with load capacities up to 23,000 pounds per 
diaphragm. Pneumatic tare balance for any portion of the total load 
on all models. All moving parts are enclosed totally. Complete weigh- 
ing systems designed to your requirements. 


WRITE FOR CATALOG 


JOHN R. MONSELL 


Manufacturing Engineer 
Pitman, N. J. 



























































































(25 (Re ee Se ee i 
RO é 
. {} € ° 
‘i. ioe 
} n 
Lf 
e SMALL SIZE (1%”) 
© LOW TORQUE 
o LONG LIFE 
e GROUND SHAFT 
o SYNCRO TYPE MOUNT 
e LINEAR OUTPUT © FUNCTIONAL OUTPUT 


Giannini, standard with the leaders, de- 
velops this small ballbearing potentio- 
meter with a variety of unique features 
to meet the latest computer requirements. 
Runout and concentricity within .001 in. 
Total resistance up to 100,000 ohms, 
torque less than 0.2 inch ounces. 


G. M. GIANNINI & CO., INC. 
PASADENA 1, CALIFORNIA 
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For details on this andother instruments write: 





TEST YOUR 
MAGNETIC CIRCUITS 





RAWSON FLUXMETER 
TYPE 504 


The only portable fluxmeter available 
which returns rapidly to zero when a 
single button is depressed. Simple and 
fast in operation. Convenient and light 
in weight. 

Not limited to a single type of 
measurement. Has universal application 
for laboratories or production. Measures 
strength of magnets and electromagnets, 
permeability and hysteresis loops for 
iron and steel, total flux lines in circuit, 
flux lines developed in air gap, etc. 

Has a mechanical clamp to protect the 
pivots and jewels when in transit. 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


112 POTTER STREET, CAMBRIDGE 42, MASS. 


Representatives 
CHICAGO LOS ANGELES 








NEW INSTRUMENTS 


es 





faces observer in upright position, | 
(shown mounted on Wheel | 


Counter 
hub) registers backward and forward 
movement, revolutions, ete.—Knopf Ip. 
strument Co., 250 Culver Ave., Jerse 
City 5, N. J. y 


Mention No. 1178 when filling out card, 





Signal Flasher 


New portable battery-operated sig- 
nal flasher uses cold-cathode tube to 
emit flash of light visible for a mile, 


oe 





Has rainproof case and weighs 85 
Ibs. Clear or colored Fresnel lens— 
Haledy Electronics Co., 57 William St, 
New York 5, N. Y. 


Mention No. 1179 when filling out card, 





Static Electricity Eliminator 


New “Static-master Wand” has pol- 
onium foil, (by-product of nuclear fis- 





sion) as harmless alpha emitter which 
can discharge electroscope.—Nuclear 
Products Co., 2150 Newport Blod, 
Costa Mesa, Calif. 

Mention No. 1180 when filling out card. 





Coated Metal Coil 


New “Enamelstrip” is metal coil 
available in cold-rolled steel, electro- 
galvanized steel and electrolytic tin 
plate, brass, zinc and aluminum Wi 
adhesive enamel coating in any desired 
color or shade on one or two sides. 
Adhesive coating withstands bending 
and fabricating without cracking 
peeling—The Coated Coil Corp., 501 
551 W. 30th St., New York, N. Y. 


Mention No. 1181 when filling out card. 
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THE HUMAN FACTOR 


Continued from page 1291 
gaps, and G should have a well-marked 

ssbar. f 
ee Q needs a strong oblique slash. 

4, W needs a high center prong to 

‘stinguish it from M. 

a ML, O, A, and W should be as broad 
as they are high. 

For numbers, the following recom- 
mendations should increase legibility: 

1. 2, 3, and 5 need clear gaps. 

2, 3 usually should have a flat top 
to distinguish it from 8, except that if 
yead upside down it is less liable to be 
confused with 5 if it has a round top. 
Plain lettering (straight limb capitals) 
is usually more readable than lower 
case. 

When numbers appear through aper- 
tures or windows, the opening should 


show one complete number and at least | 





an identifiable part of another (Fig. 4). | 


SCALE FACES 


The selection of scale faces should be 
governed by the type of reading needed 








from a particular instrument. These 
POOR DESIGN GOOD DESIGN 
8-= 
: ge 
2 




















Fig. 4. Example of poor and good design 
for “open-window”’ dials. 





TO CHECK RELATIVE HUMIDITY REMEMBER 


Bendix MAKES the RIGHT INSTRUMENT 


at the RIGHT PRICE for EVERY JOB! 


Friez 


Model 185 Hygrodial 

Precision Humidity and 

Temperature Indicator 
Hair-operated and calibrated to 
professional standards of accuracy 
by the maker of the world’s finest 
weather instruments. Handsome, 
modern case—4” high, 52” wide, 
15%” deep. 





Model 594 
Hygrothermograph 


The foremost relative humidity re- 
corder for laboratory, factory, and 


| Office use. Scientifically designed 


types of reading can be classified as 


follows: ; 

1. Check reading—for verifying a 
null or desired indication. 

2. Qualitative reading—for the mean- 
ing of deviation from the null or de- 
sired indication. 

3. Quantitative reading—for the ac- 
tual numerical value of an indication. 


Specific delineation of the best de- | 


sign has not yet been developed,. but 
the following guides are useful: 

1, The principle of pointers or indices 
all in line for normal operation facili- 
tates check reading of groups of indi- 
cators. 

2. Qualitative interpretations of ‘de- 
partures from normal are more ac- 
curate for circular dials when the nor- 
mal is indicated by pointer positioned 
at “9 o’clock.” 

3. Linear scales may be preferable 

for precise quantitative reading. 
4. If a scale reflects information be- 
ing fed into the machine, a circular dial 
with moving pointer gives the operator 
a cue to the approximate setting with- 
out requiring a close reading. 

In general, it is true that the clock- 
wise movement for increase in control 
design applies to indicators (Fig. 5). 
Where dials or scales move against a 
fixed reference point, the absolute move- 
ment is secondary in importance to the 
relative movement. 

In aircraft design, much of the instru- 


for accuracy and dependability. 


Model HA/' 2 
Hand Aspirated Psychrometer 
Accurate readings obtainable with- 
out special skill. Psychrometric 
readings can be taken at any 
point desired however inaccessible, 





Model 573 


Motor Aspirated Psychrometer 


Designed to determine wet and 
dry bulb temperature with labora- 
tory accuracy—Motors supplied for 
use on 115 V., 50 cycles or 60 cycles. 


Model 550 


Sling Psychrometer 


Manufactured to U. §, 
Weather bureau specifi- 
cations. Thermometers 


graduated in 1° increments 


from —20° F to +120° F, 
or —35° C to +-49° C, 


Standard 





AN ECONOMICAL INVESTMENT IN 


LONG-LIFE PERFORMANCE AND 


EXTREME ACCURACY. 


RUGGED, FOR 


HEAVY-DUTY SERVICE: FLEXIBLE IN 


APPLICATION. 


Model | 


~MST-500|1 1000 sec. | 


__ Divisions 


1 100 sec 


Scale 


1 1000 min.| 10-min. _ 
| 60 sec 
1 1000 sec. | .360 sec 


——E 


| 30 sec 





Write for Timer Bulletin 153 


0002 min 


+ .01 sec 






Model 160 


Portable Humidity and 
Temperaturo Recorder 
3” x 5” charts, 10 or 30 hour 
records. Modern design...handy for 
small space and difficult locations 
« «. built to meet unusual conditions. 





Model S/1 
Pocket Sling Psychrometer 


A small, low cost instrument. 
Th ry ad jad in 1 





increments from +35° F to 
+110° F. Furnished complete with 
case and psychometric slide rule. 


FRIEZ INSTRUMENT 


DIVISION OF 
1316 Taylor Avenue 
Baltimore 4, Maryland 


Aviation e/ ree 


Export Sales: Bendix Int ti i: 
72 Fifth Avenue, New York 11, N. Y¥. 












Accuracy 


states | 
se ce es 


: .001 sec 
002 sec 


Other Products: Chrono-Tachometers, Custom-Built 
Laboratory Test and Distribution Panels 


93 Logan Street 


FOUNDED (884 
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Standard Electric Time La. 


Springfield, Mass. 














A FLEXIBLE SET of PRECISION 
mechanical parts for quickly 
coupling motors, synchros, poten- 
tiometers to form assemblies of 
Servo systems, regulators, com- 
putors. 


DEPT. IN-11 








SERVOBOARD 


SERVOSCOPE’ 


Test analyzer for use in de- 
velopment and PRODUCTION of 
SERVOMECHANISMS and 
PROCESS CONTROLS. Measures 
FREQUENCY RESPONSE, PHASE 
SHIFT 0.1 to 20 CYCLES SINE 
WAVE, SQUARE WAVE, MOD- 
ULATED CARRIER, 50 to 800 
CYCLES. 





SERVO CORPORATION 
OF AMERICA 


NEW HYDE PARK, N.Y. 











AMTHOR Dead Weight 
Pressure Gauge TESTER 


Type 452 





Modern design and construction puts 
this rugged precision instrument in a 
grade above the ordinary dead-weight 
testers. 


Made in 14 ranges, to 10,000 Ibs. maxi- 
mum. 


We guarantee 1/10 of 1 percent accu- 
racy in each range. 


The Type 452 is designed for simplicity 
and compactness. It incorporates the 
newest refinements and improvements. 
Adapters and tools are supplied, as well 
as either carrying case or protecting 
cover. 


Immediate and intelligent at- 
tention will be given to your 
inquiries on all industrial 
speed measurement problems. 


Drop us a line today. 
Amthor 


Testing Instrument Co., Inc. 
49a Van SinderenAve. Brooklyn, N. Y. 














Operation and Care 
of Circular-scale 
Instruments 


By 
JAMES SPENCER 


For 20 years in charge of Instru- 
ment and Relay Department, Meter 
Div., Westinghouse Electric Corp. 


90 pages 
Cloth, 5x 8 inches. Profusely illus- 
trated with circuit diagrams, sche- 
matic diagrams and photographs. 


$1.50 postpaid 


Payment must accompany order. 





The Instruments Publishing Co., Inc. 
921 Ridge Avenue 
Pittsburgh 12, Pa. 








Page 1338—J/nstruments—Vol. 24 


ment-panel confusion stems direct} 
from making all indicators more au 
titative than the functional use re. 
quired. This tendency is common 


‘ . among 
design engineers. 
SCALE DIvisions 


Scale divisions or markings vary from 
dial to dial in both frequency of gradu. 


MOVING POINTERS 


MOVING DIAS 


NUMBERS 
INCREASE 
CLOCKWISE 





NUMBERS 
INCREASE 


[Oe 
TO RIGHT 





NUMBERS 
INCREASE 
UPWARDS 











Fig. 5. Recommended designs for scales, 


ation and size of interval. If a choice 
can be made, it should favor a number 
interval of 1, 2, 3, etc., or the same 
number multiples of 10 or 100—with 
ten divisions between consecutive num- 
bers!8 (Fig. 6). Scales divided into 
intervals of 4 result in reading error. 
Grether and Williams!4 determined that 
reading errors increase sharply as the 
actual space between markings. falls 
below 0.4 inches; a slight increase also 


RECOMMENDED NOT RECOMMENDED 
0° 0 20 30 6 4-82 


o 20 40 60 


Fig. 6. Examples of scales with good and 
poor markings. 


occurs for intervals above 0.7 inches. 
This points out a recommended interval 
of about half an inch. 

Closely connected with the problem 
of interval selection is the nature of 
the pointer. The pointer should be nar- 
rower than the dial markings!5, with 
tip as close as possible to the markings. 


CONCLUSION 


Methodology and science can improve 
the hardware product independently of 
advances in engineering science. Most 
of the engineering solutions to instru- 
mentation problems are more than ade- 
quate behind the panel, but much can 
be done to improve the display on the 
front of the panel. 

It is not desirable to make a bad 
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instrument or poor panel less bad by 
minor changes in grouping, marking, 
lighting, and so forth. Discard ortho- 
dox, stereotyped approaches in favor 
of making all controls and displays 
mean more to more men—even if: it 
requires @ fresh start. 
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INSTRUMENT ENGINEER—to be re- 
sponsible for operation, installation, and 
maintenance of static and dynamic meas- 
uring and recording equipment including 
oscil] pes, electro. hanical  oscillo- 
graphs, strain gages, variable reluctance 
bridges using strain gages, inductance and 
capacitance type pickups for purpose of 
measuring high and low freqtency 
vibrations and transient signals of dis- 
placement, velocity, acceleration, pressure, 
strain, temperature, etc. Considerable in- 
genuity required to develop experimental 
setups for aeronautical, structural, ord- 
nance, and industrial programs. Position 
offers unlimited opportunities depending 
on initiative and ability of individual. Sal- 
ary to be commensurate with training and 
experience. Write C. D. Penegelley, South- 
west Research Institute, P. O. Box 2296, 
San Antonio, Texas. 





























RELAYS aad TIME SWITCHES 





of Diamon 





Open Type 
“Can” Type 
With Plug-in 

Tube Base 

A. C. or D.C. 

Midget Relays 
Dual Purpose 

Relays 


Delayed 
“Make” or "Breok”’ 
Automatic 
Circuit Control 
“Current” and 
“Potential” Relays 


























Automatic VALU Ria MEG. CO. 


58 STATE STREET - MANKATO, MINN. 





ay 


Ruggedly, constructed to exacting 
specifications that are carefully en- 
gineered to ewses ample safety fac- 
tor... quali 


vality 











ity all the way through! 

.Automatic’s relays are not built to 
a price but to an unexcelled standard 
of performance. That’s why they are 
the choice of so many “big name” 
manufacturers. 

We engineer and build a wide vari- 
ety of stock model relays for practi- 
cally all applications. A staff of com- 
petent engineers will design and build 
relays to fit your requirements. 

Stock models or custom built, ev- 
ery relay we manufacture will deliver 
the same dependable performance 
that has made the ‘‘Diamond Seal’’ 
line the choice of those who measure 
quality by performance: 


TIME SWITCHES — Equipped with 
Synchronous Self-Starting Motors 
and Silver Contacts. 


For any load, for every installation, 
look to Automatic for the finest in 
Time Switches and Interval Timers. 


WRITE FOR CATALOG 








STANDARD SIGNAL GENERATOR 


Individually Calibrated Scale 


OUTPUT: Continuously variable, .1 microvolt to 2.2 volts. 
OUTPUT IMPEDANCE: 5 ohms to .2 volt, rising to 15 ohms at 


2.2 volts. 


MODULATION: From zero to 100%. 400 cycles, 1000 cycles 
and provision for external modulation. Built-in, low dis- 


tortion modulating amplifier. 
POWER SUPPLY: 117 volts, 50-60 cycles, AC. 


DIMENSIONS: 11” high, 20” long, 10%" deep, overall. 


WEIGHT: Approximately 50 Ibs. 
Catalog on request 


MEASUREMENTS 


BOONTON 
















CORPORATION | 


NEW JERSEY 
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FOR YOUR PANEL 


A NOVEL and UNIQUE CIRCUIT INDICATOR 


DESIGNED FOR 
NE-51 NEON LAMP 
For 110 or 220 
volt circuits 
The required resistor 
is an integral part 
of this assembly 
—‘‘built-in.”’ 
RUGGED 
DEPENDABLE 
LOW IN COST 































PATENTED: No. 2,421,321; Cat. No. 521308-997 


WILL YOU TRY A SAMPLE? 


Write on your company letterhead. We will act at once. 
No charge, of course. 
SEND FOR THE 192 PAGE HANDBOOK OF PILOT LIGHTS 
Among our thousands of Pilot Light Assemblies there is one 
which will fit your special conditions. Many are especially 
made and approved for military use. We pride ourselves 
on prompt deliveries—any quantity. 


ASK FOR OUR APPLICATION ENGINEERING SERVICE 
Foremost Manufacturer of Pilot Lights 
The DIAL LIGHT COMPANY 
of AMERICA 


900 BROADWAY, NEW YORK 3, N. Y. SPRING 7-1300 








MARSHALLTOWN 


LOW PRESSURE 
DIAPHRAGM 
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e 
. 
= 
? 
> 
e 
e 
ny 
_— 








< 


Available in standard 
dials (reading in inches 
of water) 0-15''—0-30" 
—0-60''—0-100"'—0-160"" 


- also in ounce 


Marshalltown Figure 83 is an ex- 
tremely sensitive gauge that uses 
a carefully seasoned bronze dia- 
phragm to. accurately measure 
very low pressures. It is used ex- 
tensively on many types of natural 
gas installations for checking the | !5 ounces to 5 pounds. 
low pressures. 2", 3a" and 41." 

Write for details and price. dial sizes mounted in 
LOOK TO MARSHALLTOWN FOR 
ONE OF THE MOST COMPLET 


E 
LINES OF INDICATING PRESSURE 
GAUGES MADE! 


MARSHALLTOWN MANUFACTURING CO. 


MARSHALLTOWN, IOWA 


graduated dials from 


black enameled deep 
steel case. 
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CONTINUOUS INFRARED ANALYZERS 


Continued from page 1299 
result in a sizable signal which is sufficient to drive the 


instrument to accomplish a given analysis. Therefore, with. 
out the continued assistance of large organizations th, 


future application of this type equipment to the Process | 


industries will be handicapped. Instrument makers have 
neither the personnel, time, nor financial power to launch 
extensive application programs to determine just where 
the continuous analyzers can be utilized. 

DISCUSSION 


R. L. Martin: I believe we all enjoyed Mr. Devine's 
paper. One of the things that we all think of in terms of 
continuous analyzers is how to utilize these instruments 
for continuous control. If this particular instrument jndj. 
cates the concentration of a certain component, how dos 
it actually control the distillation column of whatever the 
process may be. One of the problems that comes up is the 
automatic standardization on your instrument for critica] 
problems. In other words, is it necessary at times on the 
critical jobs to come back and standardize your instrument 
periodically? One question that I would like to ask is what 
strides are being made to build more stable instruments, 
so that we can tackle some of the more difficult problems 
without this problem of standardization at relatively fre- 
quent intervals? What can we do to reduce the standardiza- 
tion to a period of once a day or once a week, or even one: 
a month? 

J. M. Devine: in the first place, standardization igs re- 
quired to check the zero point drift. Zero point drift in this 
type of instrument has been caused by two main factors— 
a change of ambient temperature and a change in the 
emission of the source of infrared radiation. We have spent 
a number of years trying to eliminate the effect of these 
two factors and we have been successful enough to guar- 
antee in a 24-hour period a zero point drift of less than 1 
percent of full scale deflection. The instrument is now of- 
fered without standardization, without automatic stand- 
ardization and we have been fairly successful in showing 
people that automatic standardization is more trouble than 
it is worth. It is much better if you are going to standardize, 
to do it manually at every shift change. Automatic stand- 
ardization complicates the instrument with automatic timers 
and shifts the bolometer bridge from the measuring circuit 
to the standardizing circuit. It is a very delicate balance 
anyway, and it turns out to be much more practical to 
eliminate automatic standardization. After you do it for 
a few months you develop faith in the instrument and you 
gradually cut down the frequency of standardization. If 
you standarize your controllers must employ a holding sys- 
tem, and you can do that quite easily if you manually stand- 
ardize, whereas if you automatically standardize you are 
complicating the system again. Our objective has been to 
make as simple an instrument as we possibly can. 

Martin: I have one more question to bring up whi‘h 
Mr. Devine covered in his talk. How do users apply these 
instruments? If it is impossible to make a spectrogram 
of the various components of the mixture in which we are 
concerned and superimpose a spectrogram and evaluate the 
problem thereby, the question in the minds of most of the 
users out here I am sure, is just what can we do to get 
an indication of the possible use of the instrument? There 
are very few organizations that feel they can go and spend 
5 or 10 thousand dollars for a complete installation just to 
try something out hoping that it might work without first 
being relatively sure that it will. I would like to ask Mr. 
Devine if there is any path that the users may follow to 
make a relatively intelligent guess as to whether the thing 
would do the job before purchasing the instrument. 

Devine: If you can’t afford to buy one, and you can't 
predict it in spectrograms, the only solution we have is to 
invite you to send your problem to us and let us try it out 
on an analyzer in our own plant. If you prepare ga 
blends representative of the problem, we can predict very 
nicely the ultimate performance. But, in that respect, | 
want to caution you on filling gas cylinders, You may nd 
get out what you think you put in. 
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Mr. Skinner, DuPont: Water vapor being an absorber, 

will variations in the concentration of that component affect 

is? 

pe eS Water vapor is a fairly strong absorber of infra- 
red radiation, and if it is going to vary in the sample cell 
we must allow for it. In other words, we must set the 
instrument up to eliminate the interference of water vapor 
as we would set it up to eliminate methane and ethane in 
the problem we cited. ; 

Martin: When the temperature of the sample varies over 
30 deg. where the water vapor content would change, is 
that variation sufficient to warrant filtering of the sample 
or removal of the water? ; : 

Devine: I can’t say exactly, but I think with that much 
change it would be desirable to dry the sample before pass- 
ing it through the analyzer. ; 

Martin: Where there are inert gases with CO and CO, 
ete. present, what is the procedure? 

Devine: The problem is to measure methane in the pres- 
ence of CO, CO., and water vapor all changing in concen- 
tration. In that case the methane absorption band, the 
water vapor absorption band, coincide and overlap. I am 
quite sure if you eliminated the interference of the water 
vapor, the CO and CO, would be easy and you then would 
be measuring only the methane change. 

Martin: Do ‘you recommend calibrating the instrument 
with gases and synthetically prepared mixtures? 

Devine: We prefer to calibrate against plant streams that 
are analyzed by some other method. If there is no possi- 
bility of doing that, then we will make up or recommend 
a synthetic gas mixture. We prefer the former however. 

Martin: About how long, in your experience should a 
synthetic fixed cylinder be allowed to stand before use? 

Devine: That is a general question. The answer is gen- 
erally about two weeks, but it depends on the difference 
in densities of the gases. It takes quite a while to mix them. 

Mr. Becker, Diamond Alkali: Can you analyze for water 
vapor in streams of chlorine? We want to analyze for 
water vapor. 

Devine: As far as infrared is concerned, the answer is 
yes. I would have to check with corrosion engineers, how- 
ever on chlorine. 

Martin: Would you prefer calcium fluoride optics to rock 
salt when the dew point goes below 32 deg.? 

Devine: I would see no value in using rock salt in the 
first place. You can get calcium fluoride at the same price. 
The price, up to this time, has been the dominant factor 
in using rock salt. Calcium fluoride is now reasonably 
priced. I would not consider rock salt in a water vapor 
application. 

Mr. Bowers, Standard Oil of Ohio: In the plants now 
using this type of analyzer, what about type of personnel 
and special precautions used to keep instruments in opera- 
tion? 

Devine: The practicé varies with different organizations. 
I would say about 50 percent of the applications are main- 
tained by people of laboratory or research classification 
grade. The other 50 percent are maintained by the instru- 
ment department who select a man who is a gadgeteering 
type of individual with a fondness for new equipment. This 
individual takes over the analyzer with some special in- 
structions. Baird Associates is giving a course of instruc- 
tions ‘in maintenance of this equipment for one of the large 
plants in the Southwest. 

Mr. Pearsey, Shell Oil Company: Does the use of calcium 
fluoride in relation to rock salt optics limit the scope of the 
instrument? Does it limit the range of transmission? 

Devine: With rock salt we can measure the infrared out 
to about 15 or 16 microns where its transmission starts to 
fall off. With calcium fluoride we can only go to about 
8-% to 9 microns. However, the absorption bands that are 
found beyond 9 or 10 microns, the skeletal bands are sig- 
nificant of the vibration of the full molecule rather than 
the functional group within the molecule. I know of no 
application where we have had to use rock salt where we 
wanted to use calcium chloride. We may not have been 
confronted with that type of application. So far it has not 
been a hindrance. 











In the Bell 


Telephone 
Laboratories 


Magni-Focuser helps 
a precision tech- 
nician to study the 
wear of contacts on 

a telephone switch. 


People work better when they 


SEE BETTER 


Magni-Focuser speeds 
precision work 


agni-Focuser —the binocular magnifier — makes it 
easy to work on or inspect the finest instruments. Gives 
the sharp, third-dimension magnification needed for 
small parts, reading blueprints, etc. 
Leaves both hands free to work 

A real boon to production—proved in leading labora- 
tories. Restores the usefulness of the skilled hands of 
older workers whose vision may need a seeing aid. 
Matched prismatic lenses assure optical accuracy. Nor- 
mal vision may be resumed by slightly lifting head. Can 
be worn with or without eyeglasses. 
Order Magni-Focuser now for a 10-day trial. Return if 
not satisfied. $10.50. Send for folder. 

EDROY PRODUCTS CO. 
Dept. N, 480 Lexington Ave., New York 17 

Cable Address: "SEEBETTER" 


precision built... 


highly efficient... 


synchronous 
timing 


motor 


THE R. W. CRAMER CO., INC. 


BOX 5, CENTERBROOK, CONN 


AL TIMERS «© RESET TIMERS «© CYCLE TIMERS © PULSE TIM 


DELAY RELAY «© RUNNING TIME METERS © PERCENTAGE TIM 
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INSTRUMENTS ON THE MARCH 


New Principles, Applications, and 


_ Non-commercial Development; 
Continued from page 1310 ® it was. 





such as the biannual chemical engineering conference and) Otherw 
exhibit held by ACHEMA. The next ACHEMACA confer. § conside 
ence and exhibit will be held in Frankfort/Main from May eectrod 
18 to 25, 1952. At that time a European meeting of Engi- microin 
neering Chemistry will be arranged. the im) 
shaft. I 


NBS Micro Hot-hardness Tester | ',°% 


WASHINGTON, D.C.—A microhardness tester for meas. | 14 2 
uring the hardness of electrodeposits at elevated temper. entranc 
atures has been developed by Dr. Abner Brenner of the Na. tester 
tional Bureau of Standards, according to NBS Technical | ?2°SSY" 
Report 1569. The new apparatus is based on the diamond- of ig 
| indentation method now used to measure the high-temper. with 
| ature hardness of bulk metals. However, because of the rel- 
ative thinness of electroplated coatings and their softness at ( 


DETERMINES IT QUALITY high temperatures, the device has been especially designed 


CREED intl ah iensipinitians ot iiltte Cid to tendeidhitinih eaniing ae Geendett to make indentations of microscopic depth under very low 
processing, because only in this way can uniform quality be obtained under loads. Other advantages over previous instruments should 




































mass production conditions. also make the tester of value for determining the hot. 
Potentiometers have made such control possible, and “the heart” of these instruments in hardness of bulk metals; in particular, it is expected to find was 
ee eae aes oneceadel can ot hs bes commas important application in studies of the properties of new § surface 
research has made it “as standard as sterling”. | types of high-temperature alloys. waveler 
When you buy potentiometers, specify Eplab Standard Cells. Although a number of different devices using indenters § Saunde 
THE EPPLEY LABORATORY, INC. of various types have been developed for measuring the co 
SCIENTIFIC INSTRUMENTS + NEWPORT, R. I., U.S. A. J aul topogra 
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Standard, Panel Mounting and | J i || « paige 
Dustproof Types. i adjacer 
For built-in applications, photo- | I kiedee 
electric, remote, and central- | Il, within 
ized production counting. | rage’ 
Almost any voltage, AC or DC. | Schematic cross section of the new NBS microhardness tester. Speci) which : 
pee ssseseeeees seeseseeese mens (A) are heated in electric furnace (B), which consists of t¥©— wavele) 


PRODUCTION INSTRUMENT CO. § tubes jointed in the form of a cross and wound with Nichrome wire. way, tl 

702 W. Jackson Bivd., Chicago 6, Ill. § When a specimen comes to rest on anvil (C), indenter (D) is lowered "9? 
: . “ to make pyramidal impression on the specimen. The indenter shaft (BE) interva 
Send catalog of Wizard Electric and is a capillary of fused silica, The indenter is attached to a tungst— This re 
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Photo-Electric Counter applications. - rod (F), which passes up through the capillary and is held by ® coll Bh those ¢ 
* (G) and set screw. The entire indenter assembly is raised and lowered wider | 
: by a screw mechanism (H) operated by a small motor. The micrometer er | 
Company 8 (3), which moves the carriage containing the specimens past the in- The 
Title 8 denter, serves to locate the indentation so that it can be readily measurtl increas 
; : with a travelling microscope. Temperature of the furnace is given by surface 
Street City Zone State j the thermocouple within the anvil. In operation, the entire apparatt 


W-l4 em eeeeee maw ee eeeeesseessaeeeeeeeese is filled with an inert gas under slight positive pressure. 
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of bulk metals, none of these instruments 
ee fonts suitable for electrodeposits. The new ap- 
aratus overcomes the disadvantages of previous instru- 
Eats and provides data on electro-deposits at tempera- 
tures up to 900 C. ; 

In adapting microhardness testing to high temperatures, 
it was necessary to use a closed system with an inert at- 
mosphere in order to prevent oxidation of the specimen. 
Otherwise, the diamond indenter would have to indent a 
considerable thickness of oxide film before reaching the 
electrodeposited coating. Also, oxidation occurring after a 
microindentation had been made would tend to obliterate 
the impression. Another problem involved | the indenter 
shaft. In order that a light load may be applied accurately, 
the shaft carrying the indenter must move in a bearing 
with very little friction. Yet the clearance between the 
rod and the bearing must be very small to prevent the 
entrance of air. These problems were met by using in the 
tester an inert atmosphere slightly above atmospheric 
pressure and by making the indenter shaft a capillary 
of fused silica which moves in a dry bearing lubricated 


with graphite. 


Contour Mapping of Optical 
Surfaces with Light Waves 


WASHINGTON, D. C.—Contour maps of precise optical 
surfaces, whose contour intervals are a small fraction of a 
wavelength of light, have been prepared by James B. 
Saunders in the Optical Instruments’ Laboratory of the 
National Bureau of Standards, according to Technical 
Report 1527. By contrast, the usual contour map of a 
topographic surface may have contour intervals of several 
feet or more. The optical maps serve the same purpose as 
topographic maps, except that they reveal ridges and de- 
pressions measured in millionths of an inch rather than in 
feet or inches. For example, optical flats, which are quartz 
plates for calibrating the precision gages used by science 
and industry, must be flat within one five-millionth of an 
inch. Their surfaces must also be parallel to the same 
tolerance. The new maps can be used for checking the ac- 
curacy of these surfaces. 

The maps are made by photographing the interference 
patterns that are formed when light waves are reflected 
from the surfaces of the specimen and a standard reference 
of known shape. This is simple interferometry and is com- 
mon practice in precision measurements of glass optical 
surfaces. The basic procedure, however, has been modified 
in the preparation of the new maps. 

The customary procedure is to place the surface that is 
being analyzed close to and almost parallel with the stand- 
ard surface, leaving a thin layer of air between. The lines 
or fringes produced by the interference of monochromatic 
light reflected normally from these two surfaces then give 
a good indication of the quality of the surface. When proper 
adjustments have been made, the fringes are one-half wave- 
length apart. Ordinarily these fringes are relatively broad 
and appear dark against a bright background. Irregularities 
in the surface cause these lines to bend, and their appear- 
ance is a fairly good measure of how smooth the surface 
is. However, irregularities of several tenths of a wavelength 
can go undetected if they fall within the area between two 
adjacent lines. Even smaller irregularities (up to several 
hundredths of a wavelength) can be completely hidden 
within the broad dark bands. 

A method has now been worked out at the Bureau by 
which additional lines are placed between each of the half- 
wavelength lines. As many as 15 have been added in this 
way, thus reducing the spacing between lines (the contour 
interval) to 1/30 wavelength, or 6 ten-millionths of an inch. 
This results in a much more complete map and brings out 
those details of the surface that are not shown with the 
wider interval. 

i The position of the interference lines can be changed by 
Mereasing or decreasing the optical separation of the two 
surfaces. If this separation is varied in uniform increments 





The unique design cannot be 
harmed by sudden pressure 
surges, shock loading or severe 
vibration. For accuracy, sensitiv- 
ity, and long service life the 
Dwyer Magnehelic Gage cannot 
be equalled. 


* Extreme accuracy results from 
the elimination of friction be- 
tween the flexible diaphragm 
and the indicating mechanism. A 


tic force tr: its pressure 





fluctuations to the 34%” easy-to- 
read dial of the Dwyer Magne- 
helic Gage. 
Send for Bulletin No. 250 for 
complete description today. 


305 S. Western Ave. 
Chicago 12, Ill. 





CUT COSTS on 


M@ISTURE 
CQNTROL 


KEMP DYNAMIC DRYERS DRY 
INSTRUMENT AIR TO LOW DEW 
POINTS FOR AS LITTLE AS 4c PER MCF. 


Kemp Dryers save industry thousands of dollars a 
year—because they protect costly instruments from 
damage due to moisture in the air or air source. 
Operation is guaranteed to your specifications, and 
standard models are available for any instrument 
air drying operation—whether it’s large or small. 
Send For Information. Kemp has a Dynamic Dryer 
designed for every application. Find out how Kemp 
can solve your problem. Write today —no obligation. 


hEMP DYNAMIC DRYERS 


Write for Bulletin D-27 for tech- 
nical information. C. M. Kemp 
OF BALTIMORE 
CARBURETORS @ BURNERS @ 





Mrc. Company, 405 E. Oliver 
Street, Baltimore 2, Maryland. 


FIRE CHECKS @® ATMOSPHERE 
@ METAL MELTING UNITS 
SINGEING EQUIPMENT ®@ SPECIAL EQUIPMENT 


GENERATORS e@ ADSORPTIVE DRYERS 
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Spring and a 
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Indicating click 
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position. 


Convenient 
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For 
Leakproof 
Shut-Off 


Day In and Day Out 


SHUT-OFF VALVES 


The four outstanding fea- 
tures illustrated above make 
sure of leakproof shut-off— 
ease of installation—utmost 
dependability. The pre- 
ferred valve for better all 
around performance for 
liquids, gases, vacuum—low 
and medium pressures. 


THE IMPERIAL BRASS MFG. CO., 1204 W. Harrison St., Chicago 7, Illinois 
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2-Way, 3-Way, and 4-Way 
patterns in a wide range of 
tubing sizes 4g” to 44” O.D., 
and pipe sizes 4%” to 4%”. 
Brass forged body. 


Ask for Catalog No. 350 
See Your Industrial Disiributor 





Tube Working Tools 
Tube Fittings 
Shut-Off Valves 
Service Aids 
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and successive exposures are made of the fringes jn each 
of the resulting positions, a series of lines represent 
equal contour intervals is obtained. By choosing the ine 
ment properly, the space between two half-wavelength line 
can be divided exactly into any desired number of prs 
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Fig. 1. Apparatus for contour mapping of optical surfacés with light 


waves. 





Fig. 2. Three of the conventional optical method interference 
fringes appear in this illustration (slightly heavier, more in- 
tense lines). Seven additional fringes have been introduced be- 
tween each half-wavelength fringe by reducing in stages the 
pressure of the air between the surfaces. The result is in effect 
a contour map having a contour interval of approximately 1/16 
wavelength, or 0.000001 inch. It is practicable to reduce the 
contour interval to a much smaller value. 


intervals. The result is a complete contour map of the 
surface being examined. When a fringe has moved com 
pletely through the half-wavelength interval and reaches 
the position originally occupied by its neighbor, a double 
exposure is produced. These heavier, double-exposed lines 
serve as convenient references to indicate the absolute 
separation of the plates. 
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trolling optical separation of the interferometer plates is 
t) vary the density of the air. This is accomplished by 
enclosing the plates in an air-tight chamber and changing 
the pressure in equal increments. The exact amount of each 
increment can be computed from the wavelength of the 
monochromatic light, the index of refraction of the gas in 
the chamber, and the total pressure differential of the 
i cindeaton (Fig. 1) consists of two cylindrical drums 
that can be bolted together to form a pressure-tight seal. A 
cllimator lens sealed into one cylinder forms the lower 
window, and a collector lens in the other cylinder forms 
the upper window of the chamber. A gas line, connected 
toa manometer through a 2-way stop cock, permits either 
compression or evacuation of the gas within the chamber. 
The camera is focused on the interferometer plate and pho- 
tographs the successive positions of the lines as they move 
across the plate. 

A typical map prepared in this way (Fig. 2) reveals 
patterns on the surface of a polished specimen arising 
from the particular stroke and polisher employed in finish- 
ing the surface. Although the conventional half-wavelength 
photographs showed some irregularities, these could not be 
correlated to give a complete picture of the shape of the 
surface. Seven additional fringes, however, very clearly 
pointed out the circular character of the pattern. It was 
then possible to alter the polishing technique in order to ob- 
tain a smooth surface. 


COVER FEATURE 

The bank of eight Dollinger filters, pictured on this 
month’s cover, removes oil and water vapors from air sup- 
plied by the Carbon Ring Compressor for the air-operated 
instruments on one of the main boilers at the Russell Sta- 
tion of the Rochester Gas & Electric Corp., Rochester, N. Y. 
Just below the row of eight filters is a standby filter for 
emergency use when general plant air is sent through the 
system. Above the filters are reducing valves and gages 
used in conjunction with the filtering equipment. 

Below is pictured the air-supply equipment at the Roch- 
ester plant. 








For supplying instruments and general plant air at their new Russell 
Station, the Rochester (N.Y.) Gas & Electric Corporation employs a 
Pennsylvania Carbon Ring Compressor (top left) mounting a Dollinger 
“Model DS-350-B-5 Silencer” filter, a Worthington Compressor (top right) 
and two Ingersoll-Rand Compressors (bottom) mounting ‘“‘Model DS- 
450-B-6 Silencer” filters. 














GAS 
ANALYZER CELL 


Sealed in Glass For: 

@ CONSTANT ACCURACY 

@ LONGER LIFE 

@ TROUBLE-FREE SERVICE ‘i 












In a VECO cell all sensitive elements are sealed in 
glass— protected from clogging residues—safe with 
explosive gases, unaffected by corrosive gases. 
VECO gives researchers a higher efficiency with 
its dependable trouble-free service and constant 
calibration. Write for details, 


 @ END THIS! 


This enlarged photo shows carbon and 
oil impurities clogged in old-style un- 
protected filament after chemical or 
exhaust gas analysis. Result is changed 
resistance, inaccurate readings, after 
short use. 

“Manufacturers of Thermally Sensitive Resistors’' 


e 4 
Victory sew, 
744 Broad St. Newark, New Jersey VECO ¢. ELLS 


ELECTRONIC AND THERMAL CONTROL INSTRUMENTS © ACTUATORS @ GAS CELLS 
COMBUSTION TYPE STARTERS © FINE WIRE PLATING © PURIFIED ZIRCONIUM 








































RECALIBRATE on the job— 


Kochesten 
DIAL TH ERMOM ETERS 


Accidents are bound to happen .. . like dropping or banging 
a thermometer sufficiently hard to make readings inaccurate. 
This could result in costly production errors. To eliminate 
this possibility, Rochester now offers a new bi-metallic Dial 
Thermometer with screw adjustment permitting recalibration 
on the job! Simply put the instrument in boiling water or 
other known temperature and reset indicator. Better order 
today. Send for Catalog No. IT-650, Rochester Manufacturing 
Co., Inc., 85 Rockwood St., Rochester 10, N. Y. 


ROCHESTER 


MANUFACTURING COMPANY, INC. Sis 


DIAL THERMOMETERS y,AUGES 
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1001 cauces 


to choose from 


The combinations of styles, types, 
mountings; ranges and functions 
of Marsh Gauges are almost end- 
less; but they all have one trait 
in common: Each is best for the 
service for which it is recom- 
mended. Write today for the new 
Marsh Catalog covering the 
broad Marsh line. Let us prove 
that Marsh is the gauge for your 
product, whether you need a few 
or thousands. 

Marsh Instrument Co. 

Sales affiliate of 


Jas. P. Marsh Corp. 
Dept. 42, Skokie, Ill. 
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Electromechanical Transducers 
and Wave Filters 


By Warren P. Mason 


Published by D. Van Nostrand, Inc., New 
York, 419 pages, (2nd Edition). 

Electric-wave filters are important not only 
in attenuating unwanted frequency bands, but 
also in coordinating several resonant elements to 
produce a wide, uniform frequency band. Hence 
filter theory is used extensively in the design of 
mechanical systems. Filter theory shows how to 
combine resonant mechanical and _ electrome- 
chanical elements to produce uniform conver- 
sion of mechanical to electrical energy, and vice 
versa. 

Electric network theory is explained, together 
with the application of the theory to electric and 
mechanical systems. Acoustic pressure equations 
and networks are treated theoretically, as is the 
vibration of membranes and plates. Electrome- 
chanical converting systems, including electro- 
magnetic drives, electrostatic drives, piezoelectric 
drives, and magnetostrictive drives are ex- 
amined. The factors in the design of electro- 
mechanical systems are covered, and the use of 
electromechanical elements, particularly crystals, 
in filters is discussed. 

The Appendixes include motion of a bar in 
fiexure, viscosity effects in wave propagation, 
equations for crystals, electrical-network theory, 
application of network theory, acoustic theory, 
and electromechanical converting systems. 

The titles of chapters are: 

1. Introduction 

2. Electrical Network Theory 

3. Application of Network Theory to Lumped 
Mechanical Systems 

4. Acoustic Equations and Networks 

5. Vibration of Membranes and Plates 
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STATHAM 


UNBONDED RESISTANCE 


WIRE STRAIN GAGE . 


A completely new instrument which offers wider versatility— 
For Strain Measurement in: 
Structural testing . . 


materials research. 


Furnished with knife edges for specimen engagement 
used immediately upon attachment to the specimen... ma 
repeatedly without destruction of the strain gage . . . exhibits elec. 
trical characteristics similar to those of the cemented strain gage. 
The overall dimensions are approximately 2!4"' long x 
high. Two active bridge arms are incorporated, and the instrument 


LABORATORIES 


12401 W. Olympic Blvd. 


. Electromechanical Converting Systems 

. Design of Electromechanical Systems 

. Application of Electromechanical Imped- 
ance Elements in Electrial Wave Filters 
STYLE AND LEVEL: Mathematics is used 
throughout, including determinants, partial dif- 
ferentials, and exponential notation for sinoidal 
functions. 


An Introduction to the Theory of 
Control in Mechanical Engineering 
By R. H. MacMillan 


Published by Cambridge University Press, 51 
Madison Ave., New York 10, N. Y.; 195 pages. 
Price: $6.00. ’ 

This book, written for engineers and scientists 
with knowledge of calculus and some advanced 
calculus, covers the principles of control, basic 
types of controllers, and control-system ele- 
ments, with emphasis on the principles under- 
lying the action of the element or control sys- 
tem. Transmission links and power drives are 
included. Transient and harmonic responses are 
analyzed mathematically, using conventional dif- 
ferential equations. Servosystems are analyzed 
by use of transfer functions. The use of complex 
numbers, the Laplace transform, and graphical 
methods for analyzing control-system behaviour 
are covered. Includes an extensive bibliography, 
examples, and questions. 


Vacuum-tube Voltmeters (2nd Ed.) 
By John F. Rider 


Publisher, John F. Rider, Inc., 480 Canal 
St., New York 13, N. Y., 432 pages, 215 illustra- 
tions. Price: $4.50. 

The fundamentals of vacuum-tube voltmeters 
are presented, including all methods by which 
d-c. and a-c, voltages are measured, Probes for 
r-f. and d-c. are described, as are calibration 
and testing procedures. Commercial equipment 
is presented in tabular form, with the features 
of each manufacturer’s VTVM listed. The sche- 
matic diagrams of the commercial equipments 
are given, and also frequency-response curves. 








+ experimental stress analysis . . . strength of 


Features: 
wide x 4" 


may be operated with strain indicators of all 
types currently used with bonded strain gages, 


Write for further details, 
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Los Angeles 64, Calif, | 
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The concluding chapter is on maintenance and 
repair. The book is written in nontechnical, 
nonmathematical language for any man wih Yj 
knowledge of vacuum-tube operation, 
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Convair (Consolidated Vultee Aircraft Corporation) is 
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unless the now accepting applications for these following positions 
MERCURY in them is CLEAN. in its modern, progressive Engineering Department. 
Sal The Bethlehem OXIFIERS and FILTERS provide an easy, 
one. BN} economical way of keeping ALL of your mercury ALWAYS a 
ah | clean—make it a laboratory habit, not a chore. 
bok Made in 5, 25 and 150-lb capacities. Design Engineers Weight Engineers 
Complete sets, $80., $220., and $725. Design Draftsmen Aerodynamics 
Write for Bulletin Hg. 1 Electrical Draftsmen Engineers 
Electronics Engineers Test Engineers 
ENTS Bethlehem Appa ratus Co., Inc. Microwave Engineers Thermodynamics 
cain Hf] 887 FRONT ST- HELLERTOWN, PA. Servo Engineers Engineers 
Aircraft Loftsmen Aircraft Linesmen 

















WORKING FACTS: You get two holidays a week at 


Specify the Best! 
y ry Convair — overtime accomplished in 5-day week. Attractive 
pf ; SS salary ranges. An “engineers” engineering department ... with 
/ p if | [ A y) f L p of i A os stimulating, competent associates ... and interesting, challeng- 
8 ing, essential, long-range projects of a wide variety including 


— commercial aircraft, military aircraft, missiles, engineering 


TH ER M A L co N TRO L S & m e ; : research and electronic development. Excellent patent royalty 
Se : - arrangements. Top-notch retirement plan — better than-average 
AND THERMOMETERS ; 


life and health insurance. Complete progress-salary review 
for each person twice yearly. Opportunity for continuing 
engineering education. 

Our Leadershio § LIVING FACTS: San Diego, with its wonderful residen- 
ur Leadership - nearly tial areas, offers you and your family incomparable living. 
a half century is your Y Ideal climate — cool, clean, dry. Mountains, desert, Mexico, 
assurance of complete ; Hollywood, Los Angeles, Pacific Ocean, beaches and bay — 
satisfaction when you only hours or minutes away. It offers you a new way of Life... 


1 ry f; 4. 2, h 5 
specify a “Philadelphia” ee ene 
instrument. 














If you qualify, you will receive generous travel allowances. 


Steady, accurate and de: SEND COUPON for free booklets and complete information. 
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Feel free to consult with Mr. H. T. Brooks, Engineering Department 90 
our specialized staff on Convair, 3302 Pacific Hiway, San Diego, California 
any problem in our field. 


SEND FOR CATALOG 110A 


Please send me FREE booklets describing the Convair 
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Precise 


TEMPERATURE 
MEASUREMENTS 





.-. with the Rubicon 
MUELLER BRIDGE 


A highly accurate and specialized form of the Wheatstone 
bridge designed expressly for precise resistance thermometry 
with three- or four-lead thermometers and for the measure- 
ment of other similar resistors within its range. 


® Wide range: 0 to 71.1110 ohms in increments of 0.0001 ohm 


® Unity ratio with provision for convenient checking and 
precise adjustment of ratio arms 

® Built-in mercury commutator for lead resistance com- 
pensation 

© Sub-panel switch construction 


Built-in plug and block assembly for conveniently checking 
ratio, bridge zero and thermometer resistance with no 
disturbance of external bridge connections 


Described in Bulletin 100 





* * cd 
* 
+ 
. .- with the Rubicon 
bd PORTABLE PRECISION POTENTIOMETER 
A two-dial instrument of exceptional accuracy and sensitivity. 
bad e High-sensitivity, sturdy, built-in Pointerlite galvanometer— 
permits balancing to within 2 microvolts in low resistance 
circuits 
° e Completely self-contained assembly—no external acces- 
sories except the thermocouple circuit 
e Two ranges —0 to 16.1 and 0 to 161 millivolts—readable 
ad to within 2 and 20 microvolts respectively 
© Sturdy, compact construction for long dependable service 
& Described in Bulletin 270 


RUBICON COMPANY 


Electrical Instrument Makers 
3755 Ridge Avenue ° Philadelphia 32, Pa. 
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ih Thermocouple Type PRECISION 


COMBUSTIBLE GAS 
ALARM SYSTEM 


Tube Sampling Type - Indicating or Recording 
For use where a dangerous concen- 
tration of gases will not reach an 
explosive level faster than the tour- 





ing cycle, and where the vapor can- 
not condense in the sampling lines. 


Full details on operation and principles 
in our Bulletin 11-86TS . . . yours on request 


DAVIS INSTRUMENTS 






















A Division of Davis Emergency Equipment Co. |n 
BO Halleck Street,Newark 4, N. J, 
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SERIES 42P — | Resist 
TACHOMETERS| ~ 
THREE RANGES expand scale and 1/2 RPM to 100,000 RPM. — 
allow easy, accurate reading over a. fLEXIBLE. Scales marked in aoy so 
wide range of speeds. quantity proportional to actuating : electro 
SUSTAINED ACCURACY even when _ speed. : nstrum 
the indicator is located up to 1,000 RUGGED AND FOOLPROOF. With chemi 
feet from machine. stands shock, vibration, dust, electr 
ANY SPEED directly measured from overspeeding. ; measu 
Ask for Data Sheet 42P — 
METRON INSTRUMENT COMPANY Instrum 
437 Lincoln Street cs Denver 9, Colorado tory, 
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neers, 
servic 
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The Employment Register was oper- 
ated during the open hours of the Ex- 
hibit and a total of 106 “Positions 
Open” notices were posted on the bul- 
lettin board. Of this number, 26 had 
been received prior to the opening of 
the Conference and Exhibit, the bal- 
ance of 80 were received during the 
five day period of the operation of the 
Register. These Positions Open may be 
classified as follows: 


Positions Open At At 
Opening Closing 
9/10/51 9/15/51 
Physicists—Analytical, 
instrumentation, research, 
electronic, Government, etc. 4 10 
Instrument Engineers—cybernetics, 
chemical, mechanical, electrical, 
electronic, design, development, 
measurement, service, ete. 11 59 
Instrument Mechanics—installa- 
tion, service, maintenance, etc. 4 12 
Instrument Technicians—labora- 
tory, assembly, service, etc. 2 9 
Instrument Salesmen—sales engi- 
neers, sales representatives, sales- 
service, and manufacture repre- 
sentatives. 
Mathematician 
Specification Writer 
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National Committees and Chairmen 


Committee for Analysis Instrumentation, D. J. Pompeo; 
Constitution & Rules & Procedures Committees, R. J. S. 
Pigott; Coordinating Committee, E. S. Lee; Employment § 
Committee, C. F. Goldcamp; Finance Committee, J. T. 3 
Vollbrecht; Historical Committee, L. M. Susany; Instru- @ 
ment Maintenance & Operation Committee, J. Johnston, 7 
Jr.; Committee on Instrumentation for Production Proc. @ 
esses, D. M. Boyd; Instrumentation for Testing Commit- @ 
tee, D. C. Little; Instrumentation for Transportation Com- © 
mittee, F. H. Catlin; Instruments for Inspection & Gaging % 2 
Committee, W. A. MacCrehan; Meetings Committee, J. R. © 
Martin; National Defense Committee, R. L. Goetzenberger; * 
Nominating Committee, M. S. Jacobs; Publications Com- 
mittee, L. H. Allen, Jr.; Recommended Practice Commit- ‘ 
tee, A. V. Novak; Sections & Membership Committees, 
M. S. Jacobs; Society Structure & Planning Committee, 
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Report on the Employment Register 


Sixth National Instrument Conference & Exhibit 
Houston, Texas, September 10-14, 1951 


The foregoing figures do not repre- 
sent the exact number of positions 
open as a number of the notices speci- 
fied “several” openings and required an 
indefinite number of personnel. 


Interviews 


Owing to lack of interview facilities 
and to the fact that many of the pros- 
pective employers’ representatives had 
other duties and could not be in con- 
stant attendance at the Register, it was 
not possible to determine the number 
of interviwes held between prospective 
employers and applicants. In practi- 
cally all cases where employer repre- 
sentatives were attending the Confer- 
ence and Exhibit, notices were posted 
along with the Position Open notices 
that the representatives could be 
reached at various hotel rooms, exhibit 
booths, ete. This enabled the applicants 
to make their own contacts without re- 





sorting to the intermediary of the 


Register. 


Employer Representatives 


Thirty employer representatives were 
present for all or a portion of the peri- 
od and were available for interviews. 
In addition to interviews these men 
scanned the files of applicants and 
took names and addresses of appli- 
cants not present at the Conference 
and Exhibit for later mail contact. 


Applicants 

The “traffic” of interested individuals 
through the Register taxed the physical 
facilities and the time of the personnel 
attending the Register and it was not 
possible to keep a count of the individ- 
uals who inspected the “Position Open” 
board. However few men were in actual 
need of a job and it was obvious from 
remarks made that the large majority 
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were present vut of curiosity, or seek- 
ing comparisons with jobs held, or look- 
ing for a position offering advantages 
over and above the position held, etc. 

At the opening of the Register there 
were 46 applicant cards on file and an 
additional 51 registered during the 
week. Since the close of the Confer- 
ence and Exhibit, 11 men have re- 
quested their cards be removed from 
our files inasmuch as they have ob- 
tained ea oust positions asa result 





of the Register and 5 prospective éim- 
ployers have advised they obtained 
qualified personnel as the result of 
interviews and correspondence. I believe 
it is logical to assume that other posi- 
tions were obtained or filled but that 
the successful applicants or prospec- 
tive employers have failed to adivse of 
the fact. 

Respectfully submitted, 

Lester F. Boss, Pittsburgh Section 
In Charge Employment Register 








Section Secretaries, Meeting Data and Programs 


AKRON 
Fred Appel, 932 Columbia Ct., Barberton, 
Ohio. Tel: SH 3440 
Fourth Tuesday, 7:30 P. M., Akron Y.W.C.A. 


ALBUQUERQUE 
W. E. Bostwick, 2615 Sandia Dr., Bel Air, 
Albuquerque, N. Mex. 

First Monday, Meeting at 8:00 P.M., Science 
Lecture Hall, Univ. of N. M 


ARUBA ° 

E. H. Pfeffer, P.O. Box 291, c/o Lago Uil 
& Transport Co., Ltd., Aruba, N.W.lI. 

First Tuesday, 7:30 P. M., Engr’s Club. 

Nov. 15-17. Caribbean Instrumentation Con- 
ference. Subjects: Tank Gaging, Flow Plan 
Symbols, Conductivity, Viscosity Measure- 
‘ments, Instrument Training, Water Treat- 
ment, Graphic Panels, and Electronics. 

Nov. 17. Annual Meeting. 


ATLANTA 
Virgil Davis, 357 Sixth St., N.W. Atlanta, Ga. 
Tel. EM. 3042 


Third Monday, 7:30 P. M. 
Institute of Technology. 


BALTIMORE 
G. B. Greer, 631 East 36th St., 
18, Md. Tel: CHesapeake 6879 
Second Friday, Meeting at 8:00 P.M., Engr’s. 
Club of Baltimore. 


BATON ROUGE 
John Q. Bass, 1517 Longwood Dr., 
Rouge. La. Tel: 3-0283 
Meeting monthly, L.S.U. Physics Bldg. 


BOSTON 
Stephen E. Lord, 60 Braintree Ave., Quincy 69, 
Mass. Tel: MA 9-1066 
Fourth Wednesday, Dinner at 6:30 P. M., 
Meeting at 7:00 P. M., 99 Club, 99 State St. 


ae 
D. C. Duncan, Helipot Corp., 916 Meridian 
Ave., S. Pasadena, Calif. Tel: SY 4-8439 
Second Wednesday, Dinner at 6:30 P. M. Meet- 
ing at 8:00 P.M., Carolina Dines. 


CENTRAL ILLINOIS 
a 723 Laura Ave., Peoria 5, Ill. Tel: 
First Wednesday, Dinner at 6:30 P.M., Meet- 
ing at 7:30 P.M. 


CENTRAL INDIANA 
Richard F. Rieman, 3550 Euclid St., 
apolis, Ind. Tel. CH 7462 
First Tuesday, Meeting at 7:30 P. M. 


CENTRAL NEW YORK 
Gilbert Murray, 169 Durston Ave., 
N. Y. Tel: 9-9259 
Third Monday, Dinner at 6:00 P. M., Meeting 
at 8:00 P. M. 


CHARLESTON 
_ Gilmer, 418 Beech Ave., Charleston, W. 


Baltimore 


Baton 


Indian- 


Syracuse 3, 


PP ad Monday, Dinner at 6:15 P.M., Meeting 
at 8:00 P.M., Kanawha Hotel. 


CHICAGO 

Floyd E. Ertsman, Rm. 14°0 Fisher Bldg., 343 
S. Dearborn St., Chicago 4, Ill. Tel: 
WE 9-0686 

First Monday, Dinner at 6:30 P. M., Meeting 
at 8:00 P. M., Shoreland Hotel. 

Dec. 3. Subject: New Instruments and New 
Developments. Speaker R. W. Jones, North- 
western University. To be held at Illinois 
Institute of Technology. 

Jan. 7. Subject: Precision Measurement by 
Use of Lightwaves. Speaker: Adam Gabriel, 
Acme Scientific Co. Sponsored by Committee 
on Inspection and Gaging. 


CHINA LAKE 
A. H. Staud, 1004 Michelson Lab., USNOTS, 
China Lake, Calif. Tel: 77%2 
Fourth Thursday, Meeting at P.M., 
Michelson Lab, USNOTS. 


CINCINNATI 
R. J. Eichner, 1900 Courtland Ave., Norwood 
12, Ohio. Tel: Jefferson 3130 
Second Monday, Dinner at 6:30 P.M., Eng’r. 
Society Has. 


8 00 
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CLEVELAND 
72 Carnegie, 3436 Lorain Ave., Cleveland, 
hio. 
Second Wednesday, Dinner at 6:30 P. M., 
Meeting at 8:00 P.M., Cleveland Eng’r. 
Society, E. 19th St. 


COLUMBUS 
E. M. Chandler, 91 E. Como Ave., Columbus 
2, Ohio. Tel: JE 9994. 
Third ‘Thursday, Meeting at 8:00 P.M., Battelle 
Auditorium 
CUMBERLAND id 
Clyde Babst, 225 Cecilia St., Cumberland, Md. 
Tel: 583-W 


Fourth Wednesday, Dinner at 6:30 P. M., 
Meeting at 8:00 P. M., Alighan Shrine 
Country Club, Baltimore Pike. 


DENVER 
G. M. Peters, 
ver 11, Colo. 


DETROIT 

Frank R. Davis, Edison Institute, 
Mich. Tel: LO 1-1620 Ext. 5517 

Third Tuesday, Dinner at 6:30 P.M., Meeting 
at 8:00 P.M., Rackham Bldg. 

Nov. 20. Magnetic Tape Recording of Sound 
and Telemetered Data. Audio and Video 
Products Corp. 


EASTERN NEW YORK 
Robert W. Carter, Sterling-Winthrop Research 
Institute, Rensselaer, N. Y. 
First Tuesday, 8:00 P. M., Dinner at 6:30 P.M. 


GULF COAST 
W. N. Sloan, E. I. Du Pont de Nemours & Co., 
Orange, Texas. Tel: 8411 Ext. 444 
Third Tuesday. Meeting at 7:30 P.M., Lamar 
College, Beaumont, Texas. 


3191 W. Denver Place, Den- 


Tel: GRand 9073 


Dearborn, 


HOUSTON 
I. K. Farley, Brown Instrument Co., 2123 
hg St., Houston, Texas, Tel: Charter 
511. 
Last Monday, 8:00 P.M., University of 
Houston. 
or CITY 
H. H. Schmall, 3706 Benton Blvd., Kansas 


City 3, Mo. Tel: AR 4808 
First Tuesday, 7:30 P.M., U. of Kansas City. 
Dec. 4. Subject: Inverse Derivative. Speaker: 
C. B. Moore, Moore Products Inc. Philadel- 


phia, Pa. 
January 8, Subject. Refinery Process Instru- 
mentation. Speaker, David M. Boyd, Jr., 


Universal Oil Products Co., Chicago, Il. 


LOUISVILLE 
C. M. Bosworth, 203 Arbor Park, N., Lo., Ky. 
Fourth Tuesday, Meeting at 8:00 P.M., Sea- 
gram Auditorium. 


es eg 
E. Henne, Bristol Co. of Canada Ltd., 
pa Square Bldg., Montreal, Quebec, 
Can. Tel: UNiversity 6-4725. 
Last Monday, 8:00 P. M., Mechanics’ Institute. 


NEW JERSEY 
L. -H. Ballinger, 2371 Channing Ave., West- 
field, N. J. Tel: Westfield 2-0765M 
First Tuesday. Meeting at 8:00 P.M., Essex 
House, Newark. 


NEW ORLEANS 
W. H. Haney, 2927 Music St., N. O. 22, La. 
No Regular Date, Meeting at 8:00 P.M. 


NEW YORK 

F. B. Leslie, 8856 Commanuestth Blvd., Belle- 

rose 6, N. Y. Tel: FI 7-0 
— eg Dinner at 6 00 P. M., wey at 
. M., Hob Nob Club, 108 E. 41st St. 

Dec. prth acane Night. Subject: The D>v-lop- 
ment of pH Instrumentation. Speaker: George 
Butler, Beckman Instrument Co. “Information 
at Work’’—a motion picture presentation of 
The Taylor Instrument Companies. 

Jan. 28. Subject: Instrumentation Problems on 
the Aramco Oil Pipe Line. Speaker: Fred 
Rich. A color film will be shown of the con- 
struction of this line in Saudi Arabia. 


NIAGARA, FRONTIER 
Mrs. James L. Martin, 
Eggertsville 21, N. Y. 
Fourth Monday, Dinner at by mE 
at 8:00 P.M., 
Sciences, Buffalo. © 


NORTH TEXAS 
R. E. Byers, 6000 Lemmon Ave., Dallas 9, 


NORTHERN CALIFORNIA 
Bert L. Anderson, 1951 47th Ave., 
cisco, Calif. Tel: SEabright 1-5080 
Third Monday, Dinner 6:30 P. M., Meeti 
8:00 P. M., Spengers Grotto. #3 
agi eed Meeting. no Trip tC &H Sug: 
efinery at rockett inclu 
ca H des dinner by 


NORTHERN INDIANA 
J. Baum Beckman, 7145 Wicker Ave. Ham. 
mond, Ind. Second Tuesday, Meeting at 7: :30 
—_ Whiting Community Center, Whiting, 
n 


OAK RIDGE 
J. Lundholm, Jr., 
sa ba Bene Tel: BP erste 
irst ednesday, eeting at 7 
Knight’s of Columbus Hall. 0 Rm. 


ONTARIO 
John W. Huether, 311 Southerland Dr., Lea. 
side, Ontario, Canada. Tel: HU-7114 
Third Thursday, Meeting at 8:00 P.M. Friend. 
ship Hall, College St. United Church, Toronto 


wa 
W. F. Hoag, Phillips Chem. Co., 
Dumas, Texas. Tel: 241. 
Third Tuesday, Meeting at 8:00 P.M. 


PHILADELPHIA 
R. A. Trenner, Energy Control Co. Rm. 306, 
3147 N. Broad St., Philadelphia 32, Pa. Tel: 
SA 2-7900 
Third Wednesday, Meeting at 8:00 P.M., Bell- 
vue Stratford Hotel. 


PITTSBURGH 
W. C. Langerman, Fisher Scientific Co., 711 
Forbes St., Pittsburgh 19, Pa. Tel. Express 





ad _ Manning 


+ State inal ‘of Pere and 


San Fran. 


Eff. A-3, Apt. 214, Oak 


Box 277, 


1-1330. 
Fourth Monday, meeting jointly with the 
Technical Committee on Inspection and 


ee Dinner at 6:30 P.M., 
8:00 P.M., Roosevelt Hotel. 
Nov. 26, Industrial Instruments Division. Sub- 
ject: Instrumentation Used in Radioactive 
Tracer Work in the Glass Industry. Speaker: 
K. M. Laing; Development Dept. Pitts- 
burgh Plate Glass Co. Creighton, Pa. Tech- 
nical Committee on Inspection and Gaging. 
Subject: Inspection of Refractories. Speaker: 
Charles. R. Ayers, Superintendent of Plant, 
Harbison Walker Company, Windham, Ohio, 


PRESQUE ISLE 
Edwin P. Schuwerk, 44514 Halley St., L. P., 
Erie, Pa. Tel: 2-3349 
Fourth Tuesday, Meeting at 8:00 P.M., G. E. 
Community Center, East Lake Rd., Erie, Pa. 
Nov. 27. Subject: Measurement & Control of 
Flow & Liquid Level. Speaker from Taylor 
Instrument Co. 
Jan. 22. Subject: Measurement & Control of 
Pressure. Speaker from The Bristol Co. 


a 
T. H. Quinn, 1513 Goethals 
Wash. Tel: 7-8717 

Second Wednesday, Meeting at 7:30 P.M. 
American Legion Hall. 


ore 
R. C. Schwarz, Jr., 1201 Granite Bldg. 
Rochester 4, N. Y. Tel: Monroe 4610R 
Fourth Tuesday, Meeting at 8:00 P.M., Univ. 
of Rochester, Physics Lecture Hall. 


Meetings at 


Dr., Richland, 


SARNIA 
L. J. Hall, 730 Talfourd St., Sarnia, Ont, 
Canada. Tel: EDgewater 2258 


Second Friday, 8:00 P. M.. Moose Hall. 
SOUTH MICHIGAN 
Lyle J. Draper, 2233 Oakland Dr., Kalamazoo, 
Mich. 
rr. hy meg 8:00 P.°M., Dinner at 6:30 
P. , Chicken Charlie’s, Kalamazoo. 


SOUTH TEXAS 
H. C. Givens, La Gloria Corp., 
furrias, Texas. Tel: 122-W 
First Wednesday. Meeting at 7:30 P.M. 


ST. LOUIS 

W. G. Lee, 4710 Delor St., 
Tel: FL 8516. 

First Wednesday, Meeting at 8:00 P.M., Engi 
neer’s Club of St. Louis. 

Dec. 5. Subject: Inverse Derivative. Speaker: 
Cc. B. mares Moore Products Inc., Philadel 
phia, P 

Jan. 9. Subject : Refinery Process Instrumen- 
tation. Speaker: David M. Boyd, Jr. Uni- 
versal Oil Products Co., Chicago, Il. 


P.O. 637, Fal- 


St. Louis 16, Mo. 
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TOLEDO 


p, H. Girkins, 418 Waggoner Blvd., Toledo 
"12, Ohio. Tel: LA 6505 ng 
Third Tuesday, Meeting at 8:00 P. M., Service 
Bldg., Toledo Edison Co. 
NESSEE 
bisa L. Williams, 2237 Bruce St. Kingsport, 
Tenn. Tel: 2079-L aoe 
fourth Thursday, Civic Auditorium. 
SA 
et Bagwell, 1544 E. 35th Pl., Tulsa 5, Okla. 
: 71-6822 
“ho Monday. Meeting at 7:30 P.M., Engi- 


i ldg., Tulsa Univ. ; 
ing bey Inverse Derivative. Speaker : 
Cc B. Moore, Moore Products Inc., Philadel- 
ia, Pa. 
. ject: Refinery Process Instrumen- 
1, Subiexer: David M. Boyd, Jr, Unk 


gor Speaker : 
oe oi Products Co., Chicago, 


versal 
TWIN CITIES ; 
. Schwab, Engineering Sales, 516 
— Bldg., St. Paul 1, Minn. Tel: 


GArfield 0601 
Fourth Tuesday, 
man Memorial 


WASHINGTON 

Raymond E. Miller, 1-205 Naval Ord. Lab., 
White Oak, Md. Tel: JU 71-6742 

Third Monday, Meeting at 8:00 P.M., P. E. P. 
Co. Auditorium. 


WAYNE COUNTY 
. R. McCauley, 18073 Archdale, Detroit 19, 
Ich, Tel: KE 1-5239. 
Third Monday, Meeting at 8:00 P.M., Larson’s 
Cafe, Lincoln Park, Mich. 


Dinner at 6:30 P.M. Coff- 
Union, U. of Minn. 





WILMINGTON 
. E. Charsha, Jr., Hammel-Dahl Co., 1000 
te eeien Bt, Wilmington 11, Del. Tel: 
2-6694 

Third Tuesday, Meeting at 8:00 P.M. Harlan 
Public School, Wilm. 





ISA 


EMPLOYMENT SERVICE 


Forward your letter to INSTRUMENT 
SOCIETY OF AMERICA 
921 Ridge Ave., Pittsburgh 12, Pa. 








INSTRUMENT ENGINEER. Capable instru- 
ment man for the Houston, Texas branch of 
company of design engineers and constructors 
for the petroleum and chemical industries. Ex- 
cellent opportunity for qualified man to get in 
on the “ground floor’. Beginning salary $450 
per month with 6 month merit review. Box 592. 


INSTRUMENT ENGINEER. Responsible for op- 
eration, installation, and maintenance of static 
and dynamic measuring and recording equip- 
ment including oscilloscopes, electro-mechanical 
oscillographs, strain gages, variable reluctance 
bridges using strain gages, inductance and ca- 
pacitance type pickups for purpose of measuring 
high and low frequency vibrations and transient 
signals of displacement, velocity, acceleration, 
pressure, strain, temperature, etc. Considerable 
ingenuity required to develop experimental setups 
for aeronautical, structural, ordnance, and in- 
dustrial programs. Position offers unlimited op- 
portunities depending on initiative and ability of 
individual. Salary commensurate with training 
and experience. Location Texas. Box 593. 


INSTRUMENT ENGINEERS. Mechanical and 
Electrical Engineers for field service, design and 
estimating in the field of pneumatically and 
electrically operated controls. Headquarters 
Pittsburgh, Pa. Box 594. 

FIELD INSTRUMENT ENGINEER. Trouble 
di is and int of instruments in 
field of pyrometry and instrumentation. Should 
have good electrical background and some ex- 
perience or knowledge of instruments. Position 
Permanent with good future, full travel allow- 
ance, all company benefits. Location Chicago 
Area. Box 595. 





INSTRUMENT DEVELOPMENT ENGINEER. 
Large eastern chemical industrial concern has 
opening for an outstanding instrument engi- 
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neer with B.S. or M.S. degree in chemical, me- 
chanical or electrical engineering. Candidate 
should have a solid background in physics. Pre- 
fer few years industrial experience. Work in- 
volves sufficient knowledge of instruments and 
their operation to select and apply these instru- 
ments to the measurement and control of vari- 
ous chemical pr Candidate should have 
sufficient knowledge to modify available instru- 
ments to meet special applications. Salary and 
opportunity above average. Reply should include 
age, education, experience, salary requirement 
and address. Location Delaware. Box 596. 


INSTRUMENT DEVELOPMENT ENGINEER. 
Requires man with thorough knowledge of pres- 
sure actuated mechanical instruments and al- 
lied devices. At least two years design experi- 
ence on pneumatic controllers. Education of, 
or equivalent to, graduate mechanical engineer. 
Location Southern New England. Box 597. 





ELECTRICAL, ELECTRONIC ENGINEER OR 
PHYSICISTS. For flight research department 
instrumentation work, involving design and test 
of data measuring circuits and servo systems. 
Give education and experience in first letter. 
Replies held in strict confidence. Location 
Western N. Y. State. Box 598. 


ELECTRICAL ENGINEER. With experience 
and ability to devise controls for water condi- 
tioning pr Per t position. Location 
N. Y. City. Box 599. 





SENIOR ENGINEERS. Experienced on any of 
the following: recorders, potentiometers, pres- 
sure and temperature i instr ts. Sal- 
ary commensurate with experience and ability. 
Location California. Box 600. 





INSTRUMENT ENGINEER. Experienced in 
product development to work on boiler plant 
controls, by a long established manufacturer 
of level, temperature and pressure controlling 
devises. Must be capable of initiating designs, 
developi i t and handling the appli- 
cation of new products. Salary will depend on 
qualifications. Group insurance and pension 
plan. Location Western Pennsylvania. Box 601. 





INSTRUMENT SALESMAN. By Philadelphia 
organization to cover local territory. We have 


INSTRUMENT MECHANIC. Opening in large 
oil refinery in St. Louis area. Must be experi- 
enced in pneumatic and electric controls as 
used in an oil refinery or chemical plant. 
Normal work week 40 hrs. Hourly rate $2.22. 
Liberal benefit plans and good working condi- 
tions. Box 605. 


CAMERA SERVICEMAN. Unusual opportunity 
for competent technician with practical experi- 
ence covering aerial cameras in maintenance, 
overhaul and repair. Mechanical knowledge of 
gun cameras, motion picture cameras, data re- 
cording cameras and high speed cameras help- 
ful. Give training, experience and salary de- 
sired in first letter. Location Southern Cali- 
fornia. Box 606. 


ELECTRICAL INSTRUMENT MECHANIC. Va- 
cancy in Meter and Instrument Division of large 
manufacturing company for Ist class electrical 
instrument repair man for switchboard instru- 
ments (voltmeter, ammeter, wattmeter, etc.), 
portable instruments, laboratory type instru- 
ments, watthour meters, relays, general testing. 
Location Philadelphia, Pa. Box 607. 


SALES MANAGER. Mnust have had experience 
in sales management and a strong background 
of both engineering and sales in the non-electri- 
cal instrument field. Thorough understanding of 
orifice metering principles desired. Age prefer- 
ence 35-40. Excellent long range opportunity. 
Apply by letter giving full experience, education 
and salary expected. Location Northern Ohio. 
Box 608. 


RESEARCH ELECTRONICS ENGINEER. An 
electronic engineer with 7 yrs. experience in the 
field of electronic circuit design. Experience as 
head of electronics group in development of air- 
craft electronic instrumentation desired. Duties 
would primarily involve design of circuits for 
instrumentation with few supervisory duties. 
Will be required to be familiar with standard 
methods and references in his field. A hard germ 
of practicality is required. Location Buffalo, 
N. Y. Box 609. 


ASSOCIATE RESEARCH ELECTRONICS EN- 
GINEER. Investigation and development of varied 
and ii lly pl phases of projects in 
electronics or electro-mechanics. Must be capable 
of design, construction, test and operation of 
breadboard and pilot model devices, as well as 








a complete line of industrial control ip t 
needed by an ever increasing industrial market. 
Base salary, commission and expenses. Give full 
information in first letter concerning education, 
experience, etc. All replies confidential. Box 
601-A, 


INSTRUMENT INSTRUCTOR. To train instru- 
ment men in the operation and maintenance of 
new instruments and related equipment being 
added throughout plant as well as training on 
the operation and maintenance of conventional 
instruments now in the plant. To keep instru- 
ment men informed of the many changes and 
modifications being added to the instruments 
already in use and arrange demonstrations and 
instructional periods where necessary. Requires 
a man of good mechanical ability, experienced 
in the maintenance of instruments and able to 
talk the “language of the shop men”. Much 
planning and ingenuity will be required in 
determining best instruction methods, assem- 
bling demonstration units, etc. Location Michi- 
gan. Box 602. 


INSTRUMENT TECHNICIANS. Experienced on 
installation, repair, testing and _ calibrating 
major makes of instruments and controls. Lo- 
cation Georgia. Box 603. 


INSTRUMENT TECHNICIAN. Test, locate 
faults, adjust, maintain, repair and install any 
type of recording, regulating, measuring, and 
control instrument such as pressure, vacuum, 
temperature, flow and level control, and elec- 
trical meters. Calibrate instr ts to coincid 
with an established standard. May operate Or- 
satz gas analyzer. May devise or develop in- 
strument for a specific need or duty. Work 
with minimum supervision from prints, sketches, 
written and oral instructions. Rate start $1.90 
per hr., after 3 mos. $2.00, after 6 mos. $2.15. 
Paid vacations, group hospital and surgical in- 
surance for loyee and dependents, paid hol- 
idays, sick and accident benefits, group life 
insurance, Location, an operating chlorine plant 
with organic by-products in Tennessee. Box 604. 











related work as assigned. Should be proficient 
in the use of instr ts of precisi and be 
familiar with standard methods and references 
in his field. Must be able to prepare and edit full 
reports, coordinating the reports of other engi- 
neers working on the same project. Location 
Buffalo, N. Y. Box 610. 





GOVERNMENT SERVICES 


To apply for any of the following 
Federal Agency positions, write direct 
to the Agency holding the position, for 
official application form. 


ELECTRONIC SCIENTIST. Plan and study 
problems involving instrumentation and inte- 
gration of man-machine combinations into com- 
plete shipboard systems; experimental study 
and evaluation of these systems and their 
parameters. Supervision of personnel. $5400 per 
annum. U. S. Navy Electronics Laboratory. San 
Diego, California. 


MECHANICAL ENGINEERS (2). Technical 
reports on test facilities, test runs, mechanical 
design, test run measurements calibrations, and 
special technical investigations on experimental 
procedures. Supervise installation, operation, al- 
terations, bly, di: bly, and calibrations 
appurtenant to facilities and test installations. 
$5400 per annum. U. S. Naval Ordnance Test 
Station. Pasadena, California. 





AERONAUTICAL ENGINEER. Head of Air 
Frames Test Branch; supervise formulation of 
test plans and instrumentation requirements. 
Determine desirability of developing experi- 

tal test vehicles and 1 or specialized instru- 
mentation. Provide consulting services for other 
divisions and contractors on testing, design 
and instrumentation of scale model guided mis- 
siles and their components. $6400 per annum. 
U. S. Naval Air Missile Test Center, Point 
Mugu, California. 
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ABSTRACT. This paper presents an extensive 
and thorough discussion of microwave spectro- 
scopy, including: a history of its development 
and use, theory of operation, a description of 
working models, as well as the use of this type 
of spectrograph in qualitative and quantitive 
analysis. Equations are given for absorption 
coefficients in single and multi-component mix- 
tures, with discussions of their significance in 
application. Pending further development in 
this field, the microwave spectrograph is shown 
to have much promise in the solution of many 
analytical problems. 


Microwave spectroscopy is a com- 
paratively new branch of spectroscopy 
utilizing radiation with wave length 
of the order of one centimeter. This 
région is similar to the infrared in that 
the absorption of radiation by material 
is detected more readily than the emis- 
sion. The reduction in intensity of 
radiation of a known frequency on 
passage through the sample is meas- 
ured. 

In a gas at low pressures, absorp- 
tions take place at very sharply defined 
frequencies—the rotational frequencies 
of the molecules. These rotational fre- 
quencies can be calculated when the 
structural parameters of the individual 
molecules are known. Solids and liquids 
give absorptions which depend upon 
the interactions of the molecules as 
well as upon their structural param- 
eters; therefore, these absorptions can- 
not be so readily calculated. 

Because each absorption by a con- 
densed phase is broad and covers a 
large portion of the spectrum, the spec- 
tra probably will not be very useful 
for chemical analysis. No discussion 
of the absorptions by liquids and solids 
is included in this paper. 


HIsTORY OF DEVELOPMENT AND USE 


Microwave spectroscopy seems to 
have started with the work of Cleeton 
and Williams at the University of 
Michigan on the inversion spectrum of 
ammonia in 19341. Because of their use 
of gas at atmospheric pressure in the 
absorption cell, the resolution they 
obtained was very poor. They did not 
detect the fine structure of this spec- 
trum. This was the only paper on micro- 
wave spectroscopy before World War 
ai. 

During the war the microwave ab- 
sorptions by water and oxygen were 
studied because of their importance 
to radar transmission. Since the war 
there has been considerable activity 
in this new field as evidenced by the 
publication of well over 100 papers. 
This work has been chiefly undertaken 

* Westinghouse Electric Corp., East Pitts- 
burgh, Pa. . 

NOTE: Presented before the Fifth Annual 
Convention of the Instrument Society of America, 
at Buffalo, N. Y., Sept. 18-22, 1950. 
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THE MICROWAVE SPECTOGRAPH 
It’s Use as an Analytical Instrument 


By R. H. HUGHES* 


by physicists and physical chemists 
familiar with electronic techniques. 
The present instrumentation in this 
field owes its existence largely to the 
wartime developments in microwave 
radar. Many of the components and 
techniques developed at the Radiation 
Laboratory at the Massachusetts Insti- 
tute of Technology, the Bell Telephone 
Laboratories, the Westinghouse Re- 
search Laboratories, and other large 
laboratories in radar research have 
been used in microwave spectroscopy. 
The reflex klystron, which is the 
energy source most commonly em- 
ployed, was a wartime development. 
Post war development of the klystron 
by the Raytheon Manufacturing Com- 
pany has given several new tubes which 
greatly increase the wave length cov- 
erage available to the spectroscopist. 
The precise frequency measuring tech- 
niques are modifications of those de- 
veloped during the war. The applica- 
tion of modulating techniques to spec- 
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Fig. 1. Relation of molecular spectra to the 
electromagnetic spectrum. The dividing line 
between the infrared and the microwave regions 
is not well defined at present because it is com- 
monly taken to be the highest frequency obtain- 
able from a continuous wave oscillator. Micro- 
wave spectral studies have been done from 3 cm. 
to 2 mm., but more commonly between 1.5 cm. 
and 5 mm. 


LINEAR MOLECU! ©S 


Br -F BROMINE FLUORIDE COO 

I-Cl IODINE MONOCHLORIDE 

HC=#C-C=®N CYANOACETYLENE N=N=#0 

O=C=Se CARBONYL SELENIDE NITROUS OXIDE 
SYMMETRIC TOP MOLECULES 

CH3I METHYL IODIDE 

CF3H FLUOROFORM 

CH3-CN METHYL CYANIDE 

CH3-CF3 | METHYL FLUOROFORM CHF 

CH3-SiF3 | METHYL TRIFLUOROSILANE METHYL FLUORIDE 

‘ ASYMMETRIC TOP MOLECULES 

pa C*0 FORMALDEHYDE 

025% 0 SULFUR DIOXIDE 

CH3-O.,, METHYL ALCOHOL 


‘ua 
H H ‘a 

So — eC" ETHYLENE OXIDE . “Hx 
H~ S07“ DIFLUOROE THYLENE 


Fig. 2. Classification of molecules according to 
structure. The structure of these molecules have 
been determined by microwave spectroscopy. In 
the CHs, CFs, and SiFs groups the unique atom 
is surrounded symmetrically by the three iden- 
tical atoms. This three-fold symmetry gives the 
molecule two equal principal moments of inertia. 
Because the asymmetric tops have no symmetry, 
or at most a two-fold symmetry, their three prin- 
cipal moments of inertia’ are all different. In 
ethylene oxide, one hydrogen atom at each end 
is above the plane of the C-O-C group and the 
other is below. 


trographs in the last few years has 


increased their  sensitivit 
markedly. fy 
The microwave 


n spectroscope 
been utilized extensively by al 


and chemists to study problems fn 
atomic and molecular structure, Atomi 
spectra studies have given j Pras 
tion on the electronic levels of cestun 
and of hydrogen. From the moments of 
inertia obtained from molecular rots. 
tional spectra, bond lengths and angles 
as well as unknown nuclear mass« 
can be ascertained. From the nuclear 
quadrupole effects which appear a 
fine structure in many molecular spec. 
tra, the spin of nuclei and informatio, 
concerning the electronic structures of 
molecules are available. For a compre 


hensive discussion of these phenomem| 


see the excellent review articles of 
Gordy? and Coles’. 

An important instrumental applica. 
tion of microwave spectroscopy is ac. 
complished in the atomic clock*, The 
ammonia molecule takes the place of 
the balance wheel and hair spring in the 
usual clock. The inversion frequency 
of this molecule as measured by a 
microwave spectrograph incorporated 
in the instrument governs the rate of 
the clock. 


The analytical applications of micro. 
wave spectroscopy have not been ex. 
ploited to any considerable extent, A 
good paper on analysis with microwave 
spectroscopy has been written by Dai. 
ley*. His paper deals more with the 
theoretical aspects of spectra but gives 
less experimental detail than does this 
paper. 

MICROWAVE SPECTRA 


A plot of the frequencies at which 4 
substance absorbs radiation constitutes 
the absorption spectrum of the sub 
stance. As molecules are the chief ab- 
sorbers in the microwave region and 





* Instruments, February 1949. 











THE AUTHOR 
Richard H. Hughes gy. 
received a B.A. in 
chemistry from Colo- 
rado College in 1940. 
He earned an M.A. in 
chemistry in 1942 
from the University 
of Texas, and a Ph.D. 
in chemical physics 
from Harvard in 1948. 
While at Harvard he 
built the first success- 






















are the ! 
microwave 
spectra v 
yelationsh 
and the 
shown dig 
The abs 
cule can 
divisions ¢ 
in the mo! 
tion, In- 
regions, t 
the chang 
the bondi 
far infrar 
excitation 
atoms mo 
in the far 
trum, abs 
cule cha 
Because 
not go be 
rotational 
rence in 
The ro 
cule canr 
classical | 
entirely | 
it could 
would ak 
spectrum 
small, it 1 
mechanic 
velocities 
rotate ar 
cies “atv 
Formula: 
tum mec 
one to ¢ 
quencies 
the prin 
the mole 
The re 
tions car 
3, The 
interacti 
spectrum 
cule mu 
electric « 
magnetic 
magnitu 
it. As \ 
netic m¢ 
tude, ele 
ally nece 
trum. J 
trons su 
do have 
ments t 
however 





TYPE 


Molec 
main gr 
top, and 
pending 
2). 


Linear 
As li 








ful Stark-effect mic- 
rowave spectrograph 
with an alternating potential applied to the 
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are the main substances — - 
: spectroscopy, molec r 
vera wil a be described. The 
relationship between molecular spectra 
and the electromagnetic spectrum is 
shown diagrammatically in Fig. 1. 
The absorption spectrum of a mole- 
cule can be divided into three main 
divisions depending upon which changes 
in the molecule give rise to the absorp- 
tion, In the visible and ultra-violet 
regions, the absorptions are caused by 
the change of the electronic levels of 
the bonding electrons; in the near and 
far infrared, absorption arises from the 
excitation of vibrations in which the 
atoms move with relation to each other; 
in the far infrared and microwave spec- 
trum, absorptions appear when a mole- 
cule changes its rotational motion. 
Because microwave spectrographs do 
not go below one millimeter at present, 
rotational spectra are the usual occur- 
rence in microwave spectroscopy. 
The rotational spectrum of a mole- 
cule cannot be calculated by ordinary 
classical mechanics. If a molecule were 
entirely analogous to a rotating top, 
it could rotate with any velocity and 
would absorb energy over the entire 
spectrum. Because a molecule is so 
small, it must obey the laws of quantum 
mechanics. There will be only discrete 
velocities at which the molecule can 
rotate and thus only discrete frequen- 
cies“at which it can absorb radiation. 
Formulas have been derived by quan- 
tum mechanical methods which enable 
one to calculate the absorption fre- 
quencies for molecular rotations when 
the principal moments of inertia of 
the molecule are known, 


The results of some of the calcula- 
tions can be seen in the spectra in Fig. 
3. The molecule must be capable of 
interacting with the radiation if a 
spectrum is to be observed; a mole- 
cule must have either a permanent 
electric dipole moment or a permanent 
magnetic dipole moment of sufficient 
magnitude if the radiation is to act on 
it As very few molecules have mag- 
netic moments of appreciable magni- 
tude, electric dipole moments are usu- 
ally necessary to give a rotational spec- 
trum. Molecules with unpaired elec- 
trons such as oxygen and nitric oxide 
do have large enough magnetic mo- 
ments to interact with the radiation, 
however, 
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TYPES OF MOLECULES AND THEIR 
ROTATIONAL SPECTRA 


Molecules may be divided into three 
main groups, namely: linear, symmetric 
top, and asymmetric top molecules, de- 
ed upon their structure (see Fig. 


Linear and Symmetric Top Molecules 


As linear and symmetric top mole- 
cules give essentially the same kind 
of spectra, they can be discussed to- 
Linear and symmetric top 








o the 
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hs || Sether. 
por |f Molecules are the same in that they 


etre If have two equal principal moments of 


inertia and a third unique principal 
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moment. Linear molecules (all atoms 
in a straight line) are different in that 
the unique principal moment is zero; 
i.e., the moment about the axis of the 
molecule is zero. 

The simple absorption spectra illus- 


‘trated in Fig. 3 for linear and sym- 


metric top molecules are typical. The 
spectrum of OCSe was calculated using 
constants determined from microwave 
data by Strandberg, Wentink, and Hill, 
and the spectrum of CF3H was calcu- 
lated from the data of Gilliam, Ed- 
wards, and Gordy’. As there is a 
definite pattern to the lines, a line can 


be identified by its position in the 
spectrum. 
Diatomic molecules, the simplest 


linear molecules, studied in microwave 
spectroscopy include iodine monochlor- 
ide, bromine fluoride, carbon monoxide, 
and oxygen gas. Triatomic and larger 
linear molecules which have been ex- 
amined are carbonyl sulfide, nitrous 
oxide, hydrogen cyanide, chloracetylene, 
cyano-acetylene, and several others. As 
the absorption frequencies of a mole- 
cule are inversely proportional to the 
moments of inertia, the larger and 
heavier molecules give absorptions at 
lower frequencies. 


Asymmetric Tops 

Asymmetric tops (molecules with 
three different principal moments of 
inertia) are exemplified by sulfur di- 
oxide, formaldehyde, or ethylene oxide, 
and show very complicated spectra. On 
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Three types of molecular rotation 
spectra. Linear and symmetric top molecules, 
with their two equal principal moments of 
inertia, give very simple spectra, consisting of 
equally spaced lines widely separated. The struc- 
ture of one of these molecules must be known 
only roughly for the identification of a transition 
to be made. The three different principal mo- 
ments of inertia of the asymmetric tops give rise 
to the very large number of apparently unordered 
lines in their spectra. The spectral region shown 
for SOz is much smaller than that shown for the 
other molecules. 


Fig. 3. 
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Fig. 4. Absorption vs. frequency as a func- 
tion of pressure for a microwave absorption 
line. At low pressures the peak absorption in- 
creases with increasing pressure while the line 
keeps the same width at the half-power points. 
At high pressures, 10-2 mm. of Hg. and higher, 
the peak absorption remains constant and the 
line width increases with increasing pressure. 





examining Fig. 3, the reader will note 
that there is not much order to the 
spectrum of SO,. The SO, spectrum 
was taken directly from the work of 
Dailey and Wilson’. As the intensities 
of all the lines were not published, 
some. of the intensities indicated may 
be in error. 

Calculations of the absorption fre- 
quencies of asymmetric tops are diffi- 
cult because there are no simple, closed 
formulas for, these frequencies as there 
are for those of symmetric tops. The 
spectrum depends on the asymmetry of 
the molecule, changing radically as the 
shape of the molecule is changed. Al- 
though it may be possible to arrange 
the lines into bands for any particular 
molecule, there are usually so many 
overlapping bands that this ordering 
is very difficult to accomplish, except 
possibly for certain slight asymmetric 
tops. 

Asymmetric top spectra are usually 
very hard to identify even if the struc- 
ture of the molecule is roughly known, 
because the positions of the lines are 
hard to predict accurately enough to 
identify them. It is necessary to iden- 
tify at least some of the lines by their 
Stark-effect patterns. 

There are two spectra in the micro- 
wave region which involve molecular 
rotation in a different manner. In the 
ammonia spectrum, which is caused by 
the turning inside out of the molecule, 
the fine structure results from the 
effect of the rotation on this in- 
version. In methyl alcohol, a compli- 
cated spectrum rises because of the 
interaction of molecular rotation with 
the internal rotation of the hydroxyl 
group around the methyl group. 

There are other effects in microwave 
spectroscopy, such as the quadrupole 
effect and the effect of excited vibra- 
tional states, which are too specialized 
to be discussed here and would con- 
tribute little to this discussion. 


LINE WIDTHS AND ABSORPTION 
COEFFICIENTS 


Line widths are a very important 
factor in the apparent resolution of the 
spectrograph. In contrast with other 
fields of spectroscopy, the line width 
in microwave spectroscopy limits the 
resolution; the inherent’ resolving 
power of the spectrograph is much 
greater than that needed to resolve 
the lines. The line shape, intensity 
being the ordinate and frequency the 
abscissa, is shown as a function of 
pressure in Fig. 4. 

It is to be noted that in the low pres- 
sure region, the line width is independ- 
ent of pressure and is between 0.2 and 
0.5 me. In this region, the line broaden- 
ing is caused by the Doppler effect of 
the motions of the molecules, which 
is pressure independent. At high pres- 
sures the line width is proportional 
to pressure. This width is caused by 
the collisions of the gas molecules with 
each other, a process which disrupts 
the continuity of the absorption. This 
phenomenon is called collision broaden- 
ing. 

x following formula has been derived by 
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Van Vieck, and Weisskopf® for the absorption 
coefficients of spectral lines as a function of 
the line width as well as of many other factors 


affecting intensities: 


{ au av \ 
+ x 
(v- v0)? + (av)? (v + vo)? + (av)? | 
gi exp [—- W/kT] | J’r’M’|2 
ne eeediecainen setae i ED 


pZ JM 
a = absorption coefficient in cm- at frequency v 
nm =number of molecules per cc 
v = frequency of incident radiation 
av =half line width at half intensity points 
vo = center frequency of absorption 
gi = weight factor which depends on the over- 
all species of the two levels involved in the 
transition . 
W = average energy of the two levels involved 
in the transition 
u =dipole moment of the molecule 
J’,'M’ |? 
=square of the direction cosine 
JM matrix element for the transition 
e =velocity of light 
k = Boltzmann constant 
T = absolute temperature of the gas 
p =symmetry number of the molecule 
S= —* partition function for the mole- 
cule. 
At low pressures, less than 1 mm., and at 
frequencies near the resonant frequencies of 
the lines, the second term in the brackets is 
negligible with respect to the first term. As 
peak absorption coefficients are more useful 
than those at other points, we let + = vo and 
obtain the following simplified formula for the 
peak absorption coefficient, ao: 
Vo? 1 
Sr. = we 
ck T -« av 
gi exp [- W/kT] | J’r’M’|2 
—————_ ——_u* PD 
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SIGNIFICANCE OF THE EQUATION 


The manner in which the absorption co- 
efficient changes with variation in cell conditions 
and with different gases should be familiar to 
the analyst, because the coefficient is very im- 
portant both in qualitative and quantitative 
analysis. The stronger the absorption by a mole- 
cule, the more readily it is detectable in small 
concentrations in a mixture of gases and the 
wider the range of concentration over which it 
ean be determined quantitatively. 

First consider the effects of changing the 
temperature and pressure of the gas in the 
eell. In the low pressure region, increasing 
the number of molecules per cc. in the cell, n, 
will increase the peak absorption coefficient. At 
higher pressures, the increase in av nullifies 
the effect of increasing n, resulting in a constant 
peak absorption. 

As both the exponential factor involving W 
and the partition function, Z, depend on tem- 
perature, as well as the 7 term in the denomi- 
nator, the temperature dependence of the ab- 
sorption coefficient is of high power and rather 
complicated. For linear molecules and sym- 
metric top molecules in the lower rotational 
and ground vibrational states, suitable substitu- 
tions of values for W and for the partition 
functons lead to the following conclusions: 
the absorption varies inversely with the 5/2 
power of the temperature for linear molecules, 
and inversely with the cube of the temperature 
for symmetric top molecules. Thus it can be 
seen that for accurate quantitative work, the 
temperature will have to be accurately known 
and controlled. 

It seems very appropriate to consider the 
differences in the absorption coefficients of vari- 
ous molecules. When all other factors are equal, 
it is obvious that a gain in absorption is ob- 
tained by studying molecules having higher 
resonant frequencies, vo, because of the squared 
dependence on this variable. There is not space 
here to discuss the values of gz and p, except 
to remark that they are usually ratios of small 
whole numbers and that they do not give rise 
to wide variations in absorption from molecule 
to molecule. 

If transitions are between two low lying 
levels, the exponential factor, e-¥,/*T, is very 
close to unity and thus is essentially the same 

fer transitions in different molecules involv- 
ing low lying levels. Because of the square of 
the dipole moment, yu, there is a decided ad- 
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vantage in studying molecules with large di- 
pole moments; many hydrocarbons with their 
very small dipole moments will be very difficult 
to detect. 
J’,'M’' | 
| is a function of vari- 
T. 

ous rotational bo numbers, which will 
not be discussed; for the same transitions in 
different molecules, the factor is the same. 

The partition function, Z, changes with the 
moments of inertia of the molecule, being larger 
for molecules with larger movements; thus, in 
general, a larger molecule has weaker ab- 
sorptions because of its larger partition func- 
tion. Very large hydrocarbon molecules will have 
weak absorptions both because of small dipole 
moments and because of large partition func- 
tions. The effect of the variation of the av 
in Equation 2 for mixture will be considered 
in detail in the section on quantitative analysis. 


The factor | D 


EARLY MICROWAVE SPECTOGRAPHS 


The apparatus built by Cleeton and 
Williams!, the first microwave spectro- 
graph, resembled an infrared spectro- 
graph to a certain extent because of 
the use of optical techniques in con- 
ducting the radiation. The source of 
radiation was different, however, as it 
was monochromatic, consisting of an 
electronic oscillator similar to the mod- 
ern magnetron. The tube could be tuned 
30 percent in frequency by varying the 
field, adjusting the plate voltage and 
filament current, and changing the 
angle between the filament and the field. 


Because the source was monochro- 
matic, a grating was not needed to 
obtain dispersion; however, a grating 
of 18 elements with a grating constant 
of 7.49 cm. was used to measure the fre- 
quency to within about one percent. 
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Fig. 5. Simple microwave spectrograph. This 
is one of the earliest microwave spectrographs 
with a rapid frequency sweep and a display of 
the spectrum on an oscilloscope. The source of 
microwaves is a reflex klystron. The absorption 
cell is a rectangular copper or brass pipe called 
a waveguide, from 5 to 100 feet in length. The 
half-circle trace on the oscilloscope, called a 
mode, is a plot of the power output of the tube 
vs. frequency. The small dip on the left side of 
the mode is an absorption line, which happens 
to be at the low point on a standing wave pat- 
tern in the waveguide. Most microwave absorp- 
tions are very weak. The wider less pronounced 
dip on the right side is caused by standing 
waves in the waveguide. Difficulty may be ex- 
perienced in telling absorption lines from stand- 
ing waves. The sensitivity of this apparatus is 
around 10-° cm-'. 


Mirror, slits, and the grating were 
then employed in the same manner as 
in optical spectroscopy. 


The detector, an iron-pyrite phosphor 
bronze crystal placed at the center of 
focus of a parabolic mirror, was con- 
nected to a milliammeter. The amount 
of microwave absorption was deter- 
mined by the change of the milliam- 
meter reading when a rubber bag filled 
with ammonia was put between two 
parabolic mirrors directing the micro- 
wave energy. The chief disadvantages 





of this apparatus were its lack of rego. 

lution and poor sensitivity, 

DIRECT-ABSORPTION SWEEP-FREQUENcy 
SPECTROGRAPH 


One ‘of the earliest high resolutio, 
spectrographs is the direct absorption 
instrument outlined in Fig. 5, Th 
radiation source is a reflex klystron 
—for example, a QK-33 from 20,000 
to 26,000 me. As the de. voltage or 
the reflector grid of one of these tubes 
is varied over a range of several hun. 
dred volts, there will be several regions 
in which the tube will oscillate and 
somewhat larger regions in which the 
tube is inoperative. The microwaye 
frequency in an individual oscillating 
region, called a mode, changes with 
the voltage, being of the order of 59 
me. lower on the low voltage end than 
at the high voltage end of the mode. 

A saw-tooth voltage applied to the 
reflector grid along with a large d-c, 
voltage will thus sweep the tube over 
a small portion of the spectrum at a 
rate determined by the frequency of 
the saw-tooth voltage. A mode of the 
tube is the half-circle displayed on the 
oscilloscope of Fig. 5, but without the 
irregularities. In this picture the de- 
flection above the horizontal line gives 
the intensity of the radiation from 
the klystron, whereas the position along 
the horizontal axis gives the frequency, 

In this sweep frequency spectro- 
graph, the amplitude of the saw-tooth 
voltage can be varied to change the 
magnitude of the spectral region 
viewed per sweep. To change the fre- 
quency of the mode, the knob on the 
tube is turned. The usual reflex klystron 
can be tuned over several thousand 
megacycles. 

The radiation in this and other mod- 
ern microwave spectrographs is propa- 
gated through rectangular copper or 
brass pipes called waveguides. The 
absorption cell consists of a piece of 
waveguide vacuum tight at the ends 
with mica windows. The rectified crys- 
tal output is amplified by a low fre- 
quency audio amplifier and displayed 
on the oscilloscope. At low pressures, 
around 10-1! to 10-3 mm. mercury, a 
strong absorption is displayed as a 
small dip in the mode as seen to the 
left of the center of the mode in Fig. 
5. 

The wider, smoother dip on the right 
side is caused by standing waves in 
the waveguide system. As it has a very 
limited sensitivity, about 10-® cm.~', 
this spectrograph will not detect the 
absorptions by many molecules. Its 
chief advantages are its simplicity 
and its resolution, which is as good as 
that of any other microwave spectro- 
graph. Line widths of only 0.05 me. 
have been observed under suitable con- 
ditions. 


THE STARK-EFFECT MICROWAVE 
SPECTROGRAPH 


The Stark-effect microwave spectro 
graph is discussed in detail here be 
cause of its good sensitivity and the 
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elimination of most of the standing 
wave interferences found in the simple 
spectrograph. The Stark-effect refers 
to the action of an electric field on 
an absorption line; the applied electric 
feld interacts with the electric dipole 
of the molecule to change the energy 
of the rotating molecule. 

On the application of an electric 
field which is gradually increased in 
intensity, the first effect observed is 
a widening and smearing of the line. 
At greater field intensities, the line 
starts to split up into components and 
at sufficient field strength is entirely 
resolved into its components as shown 
in Fig. 6. The various components, 
labeled with the allowed values of the 
quantum number M, arise because the 
molecule can assume different positions 
with respect to the applied field which 
have various discrete values of elec- 
trostatic energy. 

The deviation of a component from 
the original line frequency is propor- 
tional to EM for symmetric rotors and 
proportional to H2M? for linear mole- 
cules, where E is the field gradient in 
the cell. The intensities of the various 
components are not all the same, but 








Fig. 7. 
microwave spectrograph. The mode of the micro- 
wave source, a reflex klystron, is shown on the 


Block diagram of the Stark-effect 


left oscilloscope. The gas sample is contained 
in the cell of Figure 9. A 100 ke. square wave 
voltage with one side based on zero voltage is 
applied to the Stark electrode. Sine wave modu- 
lation can be used instead of the square wave. 
The big dip on the right oscilloscope is the 
absorption at the original line frequency. The 
three overlapping dips to the left are three Stark 
components which have not been entirely re- 
solved. Standing waves are not seen on this 
spectrograph. The sensitivity of this instrument 
is around 10-8 cm-'. With the use of a recorder 
the sensitivity approaches 10-° cm.-1. 
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Fig. 6. Stark-effect of the J = 5 line of methyl alcohol. The 
spectrum was obtained useing the spectrograph of Figure 7 with 
sine wave modulation. Stark fields of 50 volts/em. d-c. and 
1 volt/em. a-c. at 85 ke. were applied. The large d-c. voltage 
e original single line up into a large number of com- 
the positions of which are indicated in the plot below 
the photograph. The small a-c. field at 85 ke. 
ponents a small distance at a frequency of 85 ke. causing modula- 
tion of the microwaves at 85 ke. The amplified and detected 
modulation is shown in the photograph. This detection system 
gives approximately the first derivative of the line shape of a 
Unfortunately, it was not possible to completely 


moves the com- 


entire set simul- 


is shown in the center of the picture. 
power supply under the oscilloscope. 
after passing through the tee at the back of the table passes 





Fig. 8. The Westinghouse Stark-effect microwave spectrograph. 
A first order line of methyl alcohol in a field of 1 volt per cm 
d-c. and 1.4 volts per cm. a-c. sine wave is displayed on the 
trace of the oscilloscope. The microwave source, a reflex klystron, 


Two cables lead to its 
The microwave energy 


through a tapered section into the larger waveguide of the cell. 
The Stark-effect cell is made from 20 feet of X band waveguide 


depend upon transi- 
tion probabilities as 
calculated from 
quantum mechanics. 

A block diagram 
of the Stark-effect 
microwave spectrograph is shown in 
Fig. 7. The basic principle of this 
equipment is the modulation of an ab- 
sorption line by the application of a 
low frequency field to the gas to give 
an alternating Stark-effect. In the 
vicinity of an absorption line, the micro- 
wave energy leaving the absorption 
cell is modulated. After the signal from 
the absorption cell is rectified by a 
silicon crystal, it is amplified and de- 
tected by a narrow band radio receiver. 

The receiver output is viewed on 
the vertical axis of an oscilloscope, 
while the horizontal deflection is per- 
formed by a saw-tooth voltage sweep- 
ing the microwave tube through a small 
portion of the spectrum. The spectrum 
observed is considerably more com- 
plicated than that given by the simpler 
spectrograph, but, on the other hand 
more information is displayed. 


the picture. 


picture. 


CONSTRUCTION OF STARK-EFFECT 
SPECTROGRAPH 


A picture of the spectrograph is seen 
in Fig. 8. The source of energy is the 
reflex klystron, various models of which 
are now available to cover the region 
from 1,000 me. to 60,000 mc; the spec- 
trum between 20,000 and 60,000 me. 
has been most commonly employed in 
spectroscopy. The two side arms to the 
right of the tube (see Fig. 7) remove 
energy for monitoring the mode and 
for measuring the frequency. The wave- 
meter in the drawing is a transmission 
type meter, which can be used for rough 
frequency measurements. 

The absorption cell for the gas, the 
cross-section of which is shown in Fig. 
9, consists of a standard size waveguide 
with a flat brass or bronze strip as 
electrode, supported in the center of 
the guide by slotted pieces of poly- 
styrene or teflon. An electrical connec- 
tion is made to the electrode by a wire 
extending through the side of the guide 
and into a Kovar tube soldered on the 
guide’s small side and glass-sealed, 


and is supported by strings from the 2 by 4 seen at the left of 
An insulated trough surrounds the cell to hold dry 
ice for low temperature measurements. Part of the vacuum 
system for handling the samples is seen at the left edge of the 


The modulator is shown in Fig. 7 
as having a square wave output volt- 
age of 100 kc.; the voltage needed 
varies with the molecule, the range 
being from less than one volt up to 
several thousand volts. As the pres- 
sures normally employed in the cell 
range from 10-1 to 10-4 mm., only a 
moderately good vacuum system is 
needed; a small, two-liter, single stage, 
oil diffusion pump works satisfactorily 
even when backed by only a single stage 
Welch mechanical pump. 

A typical oscilloscope pattern is 
shown in the right oscilloscope screen 
of Fig. 7. This pattern taken with 
square wave modulation with one side 
based on zero is very easy to interpret; 
the big dip on the right represents the 
absorption at the undisplaced line po- 
sition, whereas the three dips on the 
left are caused by the three Stark 
components of the absorption line. 

When a still stronger voltage is ap- 
plied, the dip on the right remains at 
the same position, while the three com- 
ponents which now overlap move fur- 
ther to the left and become completely 
resolved. The sine wave modulation 
employed in Fig. 6 and 8 distorts the 
line shape, but gives pictures which 
can easily be interpreted when proper 
voltages are used. A sine wave modu- 
lator is much simpler and less expen- 
sive to construct than a square wave 
generator. 





f LOW-LOSS 
= INSULATION 











Fig. 9. Cross-section of the Stark-effect cell. 
The cell is a standard size waveguide from one to 
forty feet long. A flat strip of brass or copper is 
supported in the center of the guide to serve as 
an electrode. The insulation supporting the elec- 
trode is usually polstyrene or teflon. The ar- 
rows indicate the direction and magnitude of a 
static electric field. Mica windows at each end 
of the cell make it gas-tight. 
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More details on the construction and 
operation of the Stark-effect spectro- 
graph will be found in references 10 
and 11. 


FREQUENCY MEASUREMENTS 


Rough measurements of frequency, 
about + 10 me., can be obtained with 
a calibrated wavemeter. Much more 
accurate measurements can be obtained 
by electronic means. The following is 
a description of the frequency measur- 
ing equipment now in use at the West- 
inghouse Research Laboratories. A 
block diagram is shown in Fig. 10 and 
a picture in Fig. 11. 

The frequency of the primary oscil- 
lator, a five-mc. crystal stabilized oscil- 
lator, is adjusted to within one cycle 
of the five-me. broadcast of WWV. 
After multiplication to 500 me. by a 
series of electronic frequency multi- 
pliers, the signal is fed into a crystal 
where harmonics of the 500 me. are 
generated throughout the microwave 
frequencies. 

A radio receiver is used to detect 
the beat note between these harmonics 
and the microwave energy fed inte the 
crystal from the klystron; a pulse is 
obtained when the difference between 
a harmonic and the microwave fre- 
quency is equal to the receiver setting. 
Two pulses are obtained for each har- 
monic, one when the microwave fre- 
auency is below the harmonic by the 
amount of the receiver setting; the 
other, when the microwave frequency 
is above by the same amount. 

A 50 me. signal is fed into the mixing 
crystal to give other sets of pulses, 
called markers, at 50 me. intervals 
throughout the spectral region. When 
a frequency is being measured, the re- 
ceiver is tuned so as to set a marker 
on the point on the line to be meas- 
ured. A wavemeter reading will deter- 
mine which set of frequency markers 
is being used. 

The receiver reading is then added 
or subtracted from the center fre- 
quency of the pair of markers accord- 
ing to whether the high frequency or 


used. The frequency of a strong line 
can be determined to within about 
+ 0.02 me. by this method with an ac- 
curately calibrated receiver, the limit 
of the accuracy being caused by the 
width of the line. Details of similar 
frequency standards are given in ref- 
erences 12 and 13. 


QUALITATIVE ANALYSIS 


Several important factors which de- 
termine the _ suitability of spectro- 
graphic instruments are the following: 
(1) the number of separate identifiable 
lines in the spectral region, (2) the 
precision with which their frequencies 
can be determined, (3) the minimum 
detectable concentration, and (4) the 
size of the sample required. In this 
section the suitability of the microwave 
spectrograph for qualitative analysis 
as determined by these factors is dis- 
cussed. 

The number of possible separate 
identifiable lines in the microwave 
region is very great. This number is 
determined both by the region of the 
spectrum available to the spectrograph- 
er and by the widths of the lines. 
Kisliuk and Townes of Columbia Uni- 
versity!4 in their tabulation of micro- 
wave spectral lines choose to let 1,000 
me. be the lower limit of the micro- 
wave spectrum. 

The upper frequency limit is that of 
the highest frequency, continuous wave, 
electronic tubes—around 200,000 me. 
at the present time. As under the condi- 
tions of best resolution line widths are 
around 0.2 mc., about 1,000,000 separate 
lines could be placed in this region 
without overlapping. With the accurate 
frequency measuring equipment that 
the microwave spectroscopist employs, 
it would be possible to identify each 
of these lines by frequency measure- 
ments. 

Even if only the range covered by 
a single QK-33 were available (20,000 
to 26,000 mc.), 30,000 separate lines 
could be measured and identified. This 
is much greater than the 3,000 lines 
for the infrared under the assumption 
of a range of 3,000 cm.—! with an 
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A spectral line is shown on the upper trace of the oscilloscope 
with the marker pip below it. After the value of 7» has been determined 

by a wave meter, the receiver reading is added or subtracted, according to ‘ 
whether the left or right pip is being used. Frequencies can be determined 

to within +0.1 me or less in the range between 20,000 and 40,000 mc. The 
accuracy is usually limited by the width of the spectral lines. 








Fig. 11. The Westinghouse: microwave frequency measuring 
~ apparatus. The chassis on the left of the table is the receiver 
for the 5 mc. WWYV standard frequency broadcast. 
note between the WWV signal and the output of the 5 me. 
crystal oscillator is observed on the magic eye on top of the 
receiver. The 5 mc. crystal is in a thermostated oven, the large 
can on the second chassis. The 25 mec. output from the second 
chassis is multiplied to 500 mc. in the third chassis. The last 
amplifier to the right gives the 50 mc. signal for the added 
reference frequencies. The harmonic generator and mixer, a sili- 
con crystal, is shown in its holder above the waveguide. 
receiver for the interpolation, shown in the lower right-hand 
corner, is a Collins 51J which measures frequencies to within 
+ 2 ke. over the range from 0.5 to 30.5 me. 


‘average resolution of 1 em—1 
advantage of microwave gs ectro 
is that lines can be listed a tables. « 
stead of requiring absorption Plots ; 
in the infrared. * 


IDENTIFICATION OF ComPouNps 


Because of this high resolution an4 
precision of measurement of frequen. 
cies, the identification of a compound 
by the measurement of one line fre. 
quency, or at the most two, should be 
possible. The compilation of microwave 
spectroscopy lines by Kisliuk and 
Townes!* shows very few near coinci. 
dences in line frequency for 30 sub. 
stances, most of the lines being several 
megacycles apart. If the measurement 
of the frequency of one line leaves 
doubt, a count of the components of the 
line after splitting with the use of g 
high Stark voltage should definitely 
identify the substance. If there is stil] 
some doubt, the measurement of the 
magnitude of the Stark-effect will 
surely remove any ambiguity, 


SENSITIVITY 


The relationship between the sensi- 
tivity of the apparatus and the inten. 
sity of the absorption lines js of 
importance in both qualitative and 
quantitative analysis. As the average 
absorption coefficient is around 10-6 
or 10-7 cm.~—!, the intensity of the ra- 
diation would be reduced to 40 percent 
of its original value in traversing a cell 
from 10 to 100 kilometers long, An 
absorption coefficient of one cm.—! cor. 
responds to the reduction of the inten- 
sity of radiation on passing through 
one centimeter of the material to 1/e 
of its value on entering the sample, 

In the usual cell, between 5 to 20 feet 
long, the resultant absorption is very 
small. The weakest lines detected in 
microwave spectroscopy have an ab- 
sorption coefficient around 10-°® em,-}, 
which means that the radiation would 
be reduced to half intensity in a cell 
which goes quarter way around the 
world. Thus, there is a range of 100 to 
1,000 between the average intensity of 
most substances and the minimum de- 
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tectable absorption with present equip- 
mM ifficulty will be experienced, there- 
fore, in detecting many constituents 
wien their concentration 1s below one 
x cent in a mixture; further develop- 
bs in equipment should improve 
this situation. There are many sub- 
which do have large 


stances, however, j , 
an example is ammonia 


orptions ; 
3 coefficient greater than 10-4 
em. 1, which could be detected if only 


one part in 10° were present in the 


sample. 
SMALL-SIZED SAMPLE REQUIRED 


One distinct advantage of the micro- 

wave spectrograph is the small size of 
sample required. As the cell does not 
yequire more than about 10-7 moles of 
gas to fill it to the usually employed 
pressure, the sample is much less than 
that required in most infrared spectro- 
graphs. Of course, much smaller 
amounts than this of substances with 
strong absorption coefficients can be 
detected. 
An advantage of spectroscopy over 
ordinary chemical analysis is the non- 
destructive effect of the radiation. The 
sample is usually not recovered during 
most studies because plenty of sample 
js available. In certain microanalytical 
problems, however, recovery may be 
desirable. 


MICROWAVE SPECTRAL DATA 


The compilation of microwave spec- 
tral lines prepared by Kisliuk and 
Townes!# of Columbia University, act- 
ing as a consultant with the National 
Bureau of Standards, contains all the 
spectral lines which had been reported 
in the literature up to 1949 and some 
information obtained by private cor- 
respondence. It lists about 600 lines for 
30 different substances; identifications 
of transitions are given when known. 
Calculated intensities are given for 
symmetric tops and linear molecules for 
which the dipole moments are known. 
These intensities may be in error for 
molecules for which the line widths 
had not been measured and had to be 
estimated. As the original table is be- 
coming obsolete, a supplementary table 
was published in May, 1950. The Na- 
tional Bureau of Standards plans to 
take over the compilation of microwave 
absorption data and to publish tables 
for general distribution, which should 
be very helpful to the analyst. 


QUANTITATIVE ANALYSIS 


_ The two major problems in quantita- 
tive analysis with a spectrograph are 
the Measurement of absorption coeffi- 
cents and the correlation of these 
measured coefficients with the compo- 
sition of the mixture. First, a discussion 
1s given below of what is known at 
Present about the correlation of inten- 
sities with the composition of mixtures; 
the instrumental problems in connection 
with intensity measurements with the 
microwave spectrograph are then dis- 
cussed, 

Lambert’s law, J /Ig =e — al, seems 
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to be obeyed under most conditions in 
microwave spectroscopy. J is the inten- 
sity of radiation leaving the cell; Ig 
is the intensity entering the cell; a 
is the absorption coefficient per unit 


length, and l is the length of the cell. 


The amount of energy absorbed in a 
unit thickness of cell is proportional to 
the amount of energy entering the cell. 

The only known reason for this law 
not holding is the power saturation 
effect. A large intensity of radiation 
may disturb the normal thermal distri- 
bution of molecules in the various ro- 
tational states. As under these condi- 
tions the line shape changes along the 
cell, there will be no simple relation 
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Fig. 12. Peak absorption coefficient for line of 
constituent A in a b'nary mixture. Kaa is the 
collision broadening parameter of molecule A for 
A; Kan is the collision broadening parameter of 
molecule B for A. Measurements of peak absorp- 
tion coefficients will probably be used for quanti- 
tative analysis. The peak absorption coefficient 
is, in general, not a linear function of the com- 
position of the mixture. At low concentrations, 
the coefficient is approximately proportional to 
the concentration of constituent giving rise to 
the absorption. At very high concentrations the 
dependence is still linear but the absorption 
coefficient is. not directly proportional to the 
concentration. 


between the amount of absorption and 
the length of the cell. 

Two types of coefficients may be 
measured for quantitative analysis: 
peak absorption coefficients and inte- 
grated absorption coefficients. Peak co- 
efficients, at least for pure substances, 
have the advantage of being rather 
independent of the pressure in the gas 
cell over a wide pressure range. On 
the other hand, the coefficients can be 
integrated over the whole line to give 
the line intensity, which is proportional 
to the partial pressure of the gas in the 
cell. As the use of peak absorption co- 
efficients would seem to involve fewer 
measurements, their use is discussed in 
the following discussion of quantitative 
analysis. 


SIGNIFICANCE OF PEAK ABSORPTION 
COEFFICIENT 
The value of the peak absorption coefficient 


in a pure gas can be calculated using Equation 
2, For a stated gas at a given temperature 


and for a given transition that equation simpli- 
fies to the following simple expression: 

ao = Kp/av, where (3) 
K =a constant 
p = pressure of gas in cell 
av =half line width at half 
In the constant coefficient region, 
portional to the pressure. 

The calculation of the peak absorption co- 
efficient as a function of the concentration of 
the unknown in a mixture of varied con- 
stitutents is in general more complicated. In 
the ideal case, av is proportional to the total 
pressure of the gas in the cell and thus ao is 
proportional to the mole fraction of the un- 
known in the mixture. Under these conditions 
Beer’s law in the following form holds: 

Log I/Io = kX, where 

k =a _ constant 
X= mole fraction of constituent in mixture 

Unfortunately, however, this law is not gener- 
ally applicable. Because a foreign substance 
may have a different collision broadening effect 
with respect to the molecules of the material 
being studied than do the molecules of the 
material for themselves, the line widths change 
with composition for the same total pressure. 
Then the maximum absorption coefficient of an 
absorption line will no longer be proportional 
to the mole fraction of the unknown in the 
mixture. 

An example of the failure of Beer’s law for 
this reason occurs in mixtures of ammonia gas 
and argon. When an ammonia sample is diluted 
with argon so that the resultant mixture is only 
five per cent ammonia, the height of the ammonia 
line decreases to only half that for pure am- 
monia. The collision cross-section of ammon‘a 
for ammonia is several times greater than that 
of argon for ammonia. 

Formulas will now be derived for the peak 
absorption coefficient of a substance in a twe 
component mixture on the assumption tha 

av = kaapa+kapps 


intensity points. 
av is pro- 


(4) 


kaa = collision broadening factor of the mole- 
cules of material A, the constituent being 
determined, for themselves 

kas = collision broadening factor of the mole- 


cules of material B for those of A. 

The first formula will be for the case that the 
desired consitituent is present in low concen- 
trations and the second formula for the case that 
the desired constituent is the major cons‘ituent. 
Substitution in Equation 3 under the conditions 
that kKaapa<<kapps and simplification gives for 
the condition that A is present in very small 
concentrations: 

aoa = KXa/k ap, where (5) 

Xa = mole fraction of A in mixture. 

It will be noted that at the low concentra- 
tions, where this approximation is justified, the 
peak absorption coefficient is proDortional to the 
concentration of the desired constituent, but 
that the slope of the concentration curve de- 
pends on the collision broadening factor of the 
diluent for the desired constituent. When the 
desired constituent is the main component of the 
mixture, making use of the fact that kaapa>> 
kaspe and simplifying after substituting in 
Equation 3 gives: 

aoA = K/kaa[1-(kas/k aa) 1-Xa)] 

It is to be noted that in this case, the peak 
absorption coefficient is a linear function of the 
mole fraction of constituent 4; however, it is 
not directly proportional to the mole fraction un- 
less kaa = kan. Fig. 12 shows the results which 
should be expected on studying two component 
mixtures over the entire concentration range 
for different ratios of kaa to k as. 

Multicomponent mixtures would be very easy 
to analyze in microwave spectroscopy if it were 
not for these broadening effects. As the absorp- 
tions do not overlap, it would not be necessary 
to solve simultaneous equations because of 
overlap, as is reqiured in infrared spectro- 
scopy. It will probably be expedient to use work- 
ing curves for many mixtures because of the 
changes in line broadening effects with concen- 
tration. 

One method of avoiding the broadening prob- 
lem while making peak absorption coefficient 
measurements is to add a large concentration 
of a diluent as a broadening agent. If the diluent 
is then the major constituent of the mixture, 
the broadening effects will be well defined and 
can be taken into account by studying mixtures 
of unknowns and the diluent. The disadvantage 
of this method is that the peak absorption co- 
efficients are reduced on dilution so that accuracy 
may be lost and lines of substances with weak 
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absorptions may be missed. This attack may be 
fruitful, however, with substances with strong 
absorption coefficients, such as ammonia and 
hydrocyanic acid. 


INTENSITY MEASUREMENTS 


The instrumental problems in con- 
nection with the measurement of ab- 
sorption coefficients in the microwave 
region have not all been satisfactorily 
solved; these measurements are very 
difficult. The most accurate measure- 
ments up to the present time have been 
done with modifications of the simple 
spectrograph in Fig. 5. The measure- 
ment of absolute absorption coefficients 
with these spectrographs is discussed 
by Good1!5 and by Townes!6; they ob- 
tained an accuracy of about +10 per- 
cent for the ammonia lines. 


Absolute absorption measurements 
have not been satisfactorily made with 
the Stark-effect spectrograph. As rela- 
tive measurements can be made with a 
fair degree of accuracy with the Stark- 
effect spectrograph, quantitative analy- 
sis by comparison with known samples 
should be feasible. It seems reasonable 
that a program of intensive develop- 
ment by a group primarily interested in 
analysis and quantitative absorption 
studies should lead to the solution of 
these problems in the microwave regfon. 


HIGH SPEED OBSERVATION 


The rapidity with which a small por- 
tion of the spectrum can be scanned 
should be very useful in chemical reac- 
tion studies. As under certain condi- 
tions a line or a close group of lines can 
be observed as rapidly as 60 times a 
second, changes in intensity can be fol- 
lowed very rapidly. 


An interesting application of the 
rapid sweep occurred during the study 
of the microwave spectrum of ozone : 





the lines were found to decrease to half 
intensity in about 30 seconds. This de- 
composition in the waveguide is much 
more rapid than that ocurring at higher 
pressures in a glass vessel, where the 
decomposition rate is around 5 to 10 
percent per hour. 


SUMMARY OF ADVANTAGES AND 
LIMITATIONS 


The following advantages of micro- 
wave spectroscopy seem to-be evident 
from the present knowledge of the sub- 
ject. About 100,000 separate lines could 
be crowded into the region between 
20,000 and 40,000 mc. without over- 
lapping. Because of the very accurate 
frequency measurements now possible, 
all of these lines can be identified as to 
frequency without ambiguity. Micro- 
wave spectral lines can be listed in 
tables as numbers instead of being 
given as bands on graphs. 

Identifications of chemical substances 
can be accomplished by measuring the 
frequency of one line and perhaps 
checking by measuring the frequency 
of a second line. As isotopes change 
the frequencies of microwave lines so 
appreciably as to give new lines widely 
separated from those of the original 
substance, this spectroscopy should be 
very important in analysis of isotopic 
mixtures. 

Samples of the order of magnitude 
of 10-6 g. are required—smaller than 
that needed in most infrared spectro- 
graphs. As the rapidity of observation 
of small regions of the spectrum can 
be increased so that many observations 
can be taken each second, microwave 
spectroscopy could be used to study 
fast chemical reactions. The cost of 
the equipment may be less than that 
of a good infrared spectrograph. 

Microwave spectroscopy has several 
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The Proceedings of the First Annual Conference on Instrumentation for 
the Iron & Steel Industry are now available. 


Eleven significant articles cover all phases of industrial iron-and-steel 
instrumentation, including open-hearth furnaces, non-contact gaging, 
electronic control systems, hydraulic servocontrols, pneumatic servo- 
controls, radiographic inspection, sorting, molten-metal temperature 
measurement, high-gradient heating process, and welding, 
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heats with increased checker life. 


Read the comparisons of electronic, hydraulic, and pneumatic servocon- * 
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disadvantages. The requirement of 
permanent dipole moment wil] exel \ 
the study of certain symmetricg] 
pounds and many hydrocarbons at 
small or zero dipole moment. The necey, 
sity of having a vapor, even with 
limited vapor pressure of 10-3 
eliminates many nonvolatile inorganiy 
substances. 
In spite of the fact that the equip. 
ment is very sensitive, the weakness of 
absorptions in rotational spectra limit 
the usefulness of the equipment; infry. 
red has the advantage of stronger ah. 
sorptions in many cases. As the absorp. 
tions become weaker for heavy mok. 
cules because of a large partition fur. 
tion, Z, sensitivity difficulties May be 
experienced in working with very heavy 
molecules. Although the equipment js 
rather complicated at present, further 
development may simplify it. 
There are several specific prob. 
lems which need to be solved befor 
the microwave spectrograph will be ; 
generally useful analytical instrument 
The spectra of many more substance 
must be studied and their lines liste; 
in tables before the instrument will b: 
of general utility in detecting sub. 
stances qualitatively. The techniques 
of measuring absorption coefficients 
or line intensities with the sensitive 
modulation spectrographs must be de. 
veloped for quantitative analysis. As 
the present Stark-effect cells with the 
plastic insulation tend to absorb many 
organic materials, some cell develop. 
ment should be undertaken. 
It appears that many analytical prob- 
lems could be solved with microwave 
spectroscopy. This new tool will become 
more useful as more developments are 
made in the field. 
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You Can Prevent | Skilled Help Shortages 


The planning stage is the time to avoid future shortages 
of skilled workers. Proper planning now can prevent criti- 
cal scarcities of technically qualified personnel later. 


How? By utilizing modern instruments to free valu- 
able men for other work. Engineered instrumentation 
can also help conserve critical materials . . . improve 
product quality . . . shave processing time—and often 
effect substantial savings in cost. One management team, 
for example, found on analysis that a proposed $2,000,- 
000 investment in instruments — which they first looked 
upon as extravagant — actually was a practical necessity. 
With the proposed instrumentation, that plant needed 





300 workers—without it, over 1300 would be needed! 


Today’s trustworthy instruments indicate... . analyze 

. . record . . . control countless industrial variables. 
Many modern processes, in fact, would be virtually im- 
possible without them. Why not look into the savings that 
today’s versatile instruments can offer you? Consult your 
instrument engineers during the planning stage. 

* * * 

This advertisement is published as a public service by the 
Instruments Publishing Company, Pittsburgh 12, Penn- 
sylvania.A sample copy of INSTRUMENTS-—The Maga- 
zine of Measurement and Control—will be sent on request. 


Save Time * Save Money ° Save Material * Save Men 
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Why Most Leading Companies 
Are Using K & M Control Valves 































It is logical that leading companies 
should handle the important subject of 
control valves as they do other matters: 
They make use of the best available skills 
and thinking. More and more, they util- 
ize the equipment, knowledge and facili- 
ties of the K & M engineering and service 

‘ team. 


Five years ago, K & M Advanced-Type 
Control Valves were new to industry. 
Today, with outstanding performance 
records behind them, K & M valves have 
become first in the regard of many in- 
strument engineers. Increasingly, K & M 
representatives are called upon to give 
counsel and assistance in the planning 
of new control installations and the im- 
provement of old ones. During the past 
year K & M men have been consulted on 
most of the projects in which control 
valves have been a major consideration. 


There is a qualified K & M represen- 
tative near you, eager to discuss your 
problems and able to help you with them. 
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By F. M. 


associated with the operation of 
pressure regulators has been a 
problem at regulator stations. With the 
advent of long transmission lines, which 
often terminate at relatively large 
measurement and regulation stations 
populated areas, the noise problem 
has become acute. The reduction of 
noise from regulators has been accom- 
plished in several different ways; it is 
the purpose of this article to discuss 
some of the methods used and to point 
out their relative merits. 

Noise can be defined as any sound 
which has no definite pitch, or which is 
disturbing to persons who hear it. In 
order to study noise it is necessary to 
measure its intensity and its frequency. 


Fs many years the acoustic noise 


DECIBELS 


Sound intensities usually are ex- 
pressed in decibels (db). The decibel is 
the smallest change in sound intensity 
that can be detected by the average 
er. As the ear responds to ratio 
changes in intensity (the louder the 
sound, the more it must change before 
the ear can detect the change), a sound 
intensity in decibels is defined as the 
ratio of the sound to one of zero- 
decibel (0-db) intensity. The standard 
reference-level signal of 0-db intensity 
has been agreed upon by sound engi- 
neers aS one with a power of 0.0002 
dynes per sq. cm. at a frequency of 
1,000 cps. This sound was arbitrarily 
agreed upon because it is the weakest 
1,000-cps. sound that can be heard by 
a person with good hearing. 

The formula for the intensity (or 
power) of a sound in decibels is: 
Decibels ='10 log, )(P/Po), 

where P is the power of the sound, and 
P, is the power of the reference-level 
sound (0.0002 dynes/sq.cm.). 

As sound power is proportional to 
the square of sound pressure, the for- 
mula becomes: 

Decibels = 20 logy) (E/E), 

where E and E, are the sound and ref- 
erence-sound pressures, respectively. 
As the decibel is a logarithm, addi- 
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tion of decibels is equivalent to multi- 
plication of pressures or powers. A 
few interesting facts about sounds ex- 
pressed in decibels are as follows: 

1. Doubling sound power is equal to 
an increase of about 3 db, so that when 
two equal sounds are added together, 
regardless of their actual value, the 
resulting sound level is 3 db. higher 
than one of the sounds alone. 

2. If you add a 40-db sound to a 50- 
db sound, the result is a 50.4-db sound, 
or a negligible increase. 

3. If a sound is 10 db (or more) 
lower than the background level, it is 
inaudible and of no importance. 

The sound levels of a number of 
common noises are listed in Table 1 to 
illustrate the meaning of sound levels 
expressed in decibels. The threshold 
of feeling is about 120 db. The aver- 
age threshold of hearing is 0 db for a 
1,000-cps. tone and about 20 db for the 
rustle of leaves. 


TABLE I—TYPICAL SOUND LEVELS 


Decibels Sound 
140 Airplane motor test chamber 
130 Pneumatic rock drill 
125 Airplane motor at 20 feet 
120 Auto horn, thunder, artillery 
110 Boiler factory 
100 Elevated train overhead 
90 Heavy city street traffic 
80 Police whistle, noisy office 
70 Automobile passing 
60 Conversation 
50 Average office 
40 Quiet office 
80 Broadcast studio 
20 Rustle of leaves 


0 Weakest 1,000-cps. tone detectable by 
ear 


FREQUENCY RESPONSE OF THE EAR 


The response of the ear to sounds 
of different frequency is shown in Fig. 
1, which has a number of Fletcher- 
Munson equal-loudness contours. Each 
curve is made by plotting the intensity 
of a sound of a given frequency which 
appears to be as loud as a reference 
sound of 1,000-cps. tone. Thus the 
zero equal-loudness contour contains 
all sounds which appear to be the same 
intensity as a 0-db 1,000-cps. tone. 

Fig. 1 describes the boundaries of 
auditory sensation. The region which 
we use for speech is shown by one of 
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The Noise Problem at Regulator Stations 


Company 


the shaded areas. This is the level at 
which we like to hear things. It is the 
level to which we adjust our radios and 
the level in the average movie theatre. 
It can be noted that seldom in nature 
is there a noise which extends above 
this level. When such’sounds do occur 
they usually are associated with terri- 
fying phenomena such as thunder. 

Note that the frequency is important 
in determining the disturbing effect of 
a sound. 


DISTANCE 


The distance from the sound source 
to the point of hearing is important in 
determining what constitutes objec- 
tionable noise. In general, the level 
decreases 6 db each time the distance 
from a sound source is doubled. For 
example, if a regulator created a sound 
level of 100 db at a distance of two 
feet, the sound level at four feet would 
be 6 db less, or 94 db. Fig. 2 shows how 
the sound level decreases with increased 
distance from the source—provided that 
there is no wind or other air movement. 
This curve can be applied to other con- 
ditions by drawing a line parallel to 
the one shown through a known point 
for the given conditions. Any insula- 
tion other than air, such as walls, earth, 
or building, further decreases the sound 
level as the distance to the sound source 
increases. 


INSTRUMENTATION 


The sound-intensity level of a noise 
can be measured by a sound level meter, 
which indicates sound level in decibels. 
This value is absolute and can be used 
as a standard for comparison at any 
location and with any noise source. 

The pitch, or frequency, of the sound 
is often as important as the sound level 
in determining whether a given sound 
should be classed as objectionable or 
not. The intensity of the components 
of a sound at various frequencies can 
be determined by means of a sound 
analyzer connected to the sound level 
meter. From the results obtained a 
characteristic curve can be plotted on 
logarithmic paper (like the curves in 
Fig. 1) and a decision made as to how 
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Noise in Mechanical Equipment” by Howard C. Hardy) 


objectionable the noise is. Fig. 3 shows 
a typical sound level meter and sound 
analyzer. 


METHODS FOR REDUCING NOISE 


The general methods for reducing 
objectionable noise levels at pressure- 
regulation stations are as follows: 

1. Regulator noise usually can be 
reduced by applying earth, sand, con- 
crete, etc., to the vibrating surface. 
The earth increases the mass of the 
vibrator and acts as a dampener. The 
use of common acoustical surface ab- 
sorbents is not effective except for the 
absorption of the sound after it has 
been radiated. In one station where 
the sound level was abnormally high, 
the loudest sound apparently came from 
a 30-in. header in a concrete trench. 
In an attempt to dampen the vibration 
and decrease the noise level, the trench 
was filled with water. As the water 
did not have enough resistance to de- 
formation, it had practically no effect 
on either the noise or the sound level. 
The trench was later filled with sand, 
which was effective in reducing the vi- 
bration to a satisfactory level. 

2. Insulation can be placed as a dis- 
continuity in the transmission path. 
For air, some type of sound shield, 
such as a wall or partition, can be 
used. To control sound transmitted 
through piping, ventilating ducts, or 
other solid path, the use of felt, cork, 
rubber, springs, etc., is recommended 
as a sound insulator. This insulation 
should be placed as close to the source 
of sound as possible. 

3. Some type of sound absorbent ma- 
terial can be installed on exposed sur- 
faces. This type of control is almost 
always accomplished by applying one 
of the standard acoustical surface ab- 
sorbents to the walls, ceilings, and 
floors surrounding the listening posi- 
tion. The purpose of this is to improve 
conditions for those who maintain the 
regulators and equipment. 
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Reduction of air-borne noise must be 
done by walls or partitions which are 
large in comparison with the wave- 
length of the sounds whose transmis- 
sion is to be impeded. Wavelengths of 
common sounds vary with the fre- 
quency. The wavelength at 7500 cycles 
is 0.15 ft.; the wavelength at 500 cycles 





Fig. 3. Sound level meter and sound analyzer. 


is 2.25 ft. Sound transmission through 
walls can be reduced by applying vari- 
ous insulating materials and by provid- 
ing dead air spaces. 

Sound transmission loss in decibels 
for various partitions varies from 18.5 
db for 0.2 inch of wood to 59 db for a 
double 2-in. solid gypsum tile wall, the 
two sections of which are completely 
isolated structurally by a 4-in. air 
space. 


VAULT-COVER INSULATION 


Probably one of the most common ex- 
pedients, when a complaint of objec- 
tionable noise from an underground 
regulator station is received, is to apply 
some sort of insulation to the vault 
cover. There are many materials that 
can be used, and the results obtained 
vary widely in effectiveness. 

A test was conducted to determine the 
efficiency of one especially designed in- 
sulated cover which was installed on a 
vault containing an 8-in. balanced valve 
regulator which had been the source of 
objectionable noise. The cover con- 


sisted of 20 Ga. sheet aluminum top 
(for protection from weather) over 
%-inch Simpson Roof Insulation Board, 
4 inches of Fiberglass with 2x4 jn, 
Simpson Board frame, and %-in. Ma- 
sonite Tempered Presdwood Perforated 
for a bottom covering. This cover was 
not designed for traffic loads but could 
be used in fenced areas or as an inner 
cover on standard vaults. Some method 
of sealing must be provided to prevent 
sound leakage around the edges of the 
cover. 

Simultaneous readings of sound lev- 
els inside the vault and on top of the 
vault were recorded as the flow through 
the station was gradually increased 
from 0 to 3,000 M.C.F. per hour. With 
a pressure drop across the regulator 
of approximately 130 psi., the sound 
level inside the vault increased 40 db 
while on top of the vault the increase 
was only 3 db when the flow rate was 
increased. Curves showing the varia- 
tion in sound levels inside and outside 
of the vault as the flow rate varied 
are shown in Fig. 4. 


PIPING 


An inexpensive and convenient meth- 
od that can be applied readily to reduce 
sound emanating from piping is to 
cover the piping with earth or sand. At 
one regulator station, comparative 
sound levels were obtained first with 
the pipe exposed, then with the piping 
buried with 4-in. cover of sand, and fi- 
nally with some of the sand removed 80 
that the top of the pipe was exposed. 
The sound levels under similar condi- 
tions of flow varied from 106 db for ex- 
posed pipe to 86 db when the pipe was 
covered and to 92 db when the top of 
the pipe was exposed. The condition of 
the pipe under the various conditions, 
and a comparison of the various sound 
levels are shown in Fig. 5. ; 

The station finally was finished with 
approximately 4 inches of cover over 
the meter tubes and piping, and boxes 
were built around orifice fittings, regu- 
lators, and valves. A thin layer of 
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black top was placed to provide a bet- 
ter appearance and to keep the sand 
cover in place. Fig. 6 shows the station 
meters. The details of the boxes and 
sand cover of the regulator bodies are 
shown in Fig. 7. , 

Sand is more desirable than most 
types of earth as a sound insulator 
or absorber because it contains con- 
siderable air space and tends to stay 
’ in close contact with vibrating piping. 
Many types of earth, on the other hand, 
have a tendency to pack, and voids are 
created by the piping vibration. 

Some data was obtained on the trans- 
mission of sound through buried pipe- 
line from one vault downstream 
through 150 feet of 20-in pipe to an- 
other vault. The sound reduction was 
greatest at the higher sound levels. 
The reduction varied from 28 db (when 
the upstream sound level was 100 db) 
to 23 db (when the upstream level was 
89 decibels). 

At one of the stations built recently 
in the Los Angeles area all the piping 
was installed underground, with vaults 
around the orifice meters only. All 
valves are buried and operated with 
hand wheels on extensions. Pressure 
control is done with motor-operated 
plug valves with extended gearing. 
The gearing and pneumatic motor are 
above ground, mounted on an exten- 
sion on the valve body. The sound 
created by the gas passing through the 
valve is somewhat greater than that 
created by a balanced valve regulator, 
but is effectively absorbed by the earth 
or sand back fill. Comparative sound 
levels were found to be: 


At M.O. At 
Valve Nearest 
Pres. Property 
Regulator Line 
Before Station Constructed 56 db 55 db 
Station in Normal Operation 74 db 56 db 


At the time these readings were taken 
there was only about 1 foot of cover 
over the piping. When the normal 3 
feet of cover is in place, it is probable 
that the sound level in the immediate 
vicinity of the pressure control valve 
will be appreciably lower. 





Fig.'4. Efficiency of an insulated vault cover. 
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In this type of installation it is im- 
portant to take into consideration the 
possibility of sound transmission 
through the extended hand wheels and 
operators connected to the underground 
piping. 

INSULATING WALLS 


The effectiveness of sound insulation 
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Fig. 6. Meter station with piping covered with 
sand and black top. 





Fig. 7. Regulators and valves partially covered 
with sand. 





Fig. 8. Sound-insulated regulator building with 
double doors and no windows. 


Fig. 5. Effect of backfill on sound from pipes. 


applied to building walls varies great- 
ly with the type of construction. This 
insulation ranges from using any avail- 
able material which acts as a sound 
absorbent, to expensive procedures such 
as constructing a building with double 
walls on separate foundations ‘with no 
structural interconnection. One build- 
ing tested (Fig. 8) was constructed as 
follows, starting with the outside sur- 
face: 3 in. reinforced Gunite concrete, 
1 in. Celotex, 35g in. for 2 x 4 in. studs, 
6% in. dead air space and steel col- 
umns, % in. plain plaster board, 3% in. 
for 2 x 4 in. studs, % in. Celotex, 1% 
in. for 2 x 3 in. stripping (horizontal, 12 
in. 0.c.), and 1% in. Acousti-Celotex. 
The total thickness is 22 inches. 
The sound-insulating efficiency of a 
building of this type would be improved 
if there were no mechanical contact 
between the inner and outer walls, and 
if they were constructed on separate 
foundations. Tests conducted at the 
building showed a sound level of 96 
db inside and 60 db outside at 2 feet 
from the wall. This sound level de- 
creases as the distance from the build- 
ing increases; at the property line the 
sound from the regulator building was 
lower than the minimum background 
noise of 55 db. The loss of 36 db 


_ through the building is not a true indi- 


cation of the efficiency of the wall. It 
is probable that part of the sound 
picked up outside of the building is 
from another source, and that the in- 
sulating efficiency of the-wall is con- 
siderably better than shown by this test. 

In constructing insulated buildings, 
or in insulating existing buildings, it 
is necessary to consider piping and 
ventilating ducts which may provide 
a path for noise transmission. Two solid 
doors of ordinary 2 in. T&G hardwood 
with a minimum of 8 in. dead space be- 
tween are better than a special sound- 
proof door. The two doors should ac- 
complish approximately a 50-db re- 
duction in sound level. Another building 
was constructed of a 9-in. brick wall 
with inner lining of %-in. mineral 
wool blanket, %-in. air space, gypsum 
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lath, and plaster, and equipped with 
double windows with air space between. 
The sound reduction through this build- 
ing wall, which theoretically should 
have been 62 db, was found to be ap- 
proximately 40 db. This was probably 
due to the fact that some of the noise 
outside the building did not originate 
inside the building. 


REGULATOR NOISE 


To investigate the possibility of one 
type of regulator being superior to 
another in low noise production, a 
series of tests was* conducted under 
controlled conditions of pressure drop 
and rate of flow. Six types of 2-in. 
regulators and one 2-in. plug valve 
were tested under identical conditions 
while acting as _ pressure-reducing 
valves. Volumes varied from 25 to 150 
M.C.F. per hr. and pressure drops 
varied from 60 to 160 psi. with a con- 
stant inlet pressure of 210 psi. 

The results obtained from all tests, 
averaged together for each regulator 
in order to determine their relative 
merits, are shown in Table II. 


TABLE II.—SOUND LEVEL 
OF REGULATORS AND VALVES 


Average 
Sound 
Level, 
Regulator Valre Decibels 
Balanced valve 
regulators Ratio plug 73 
Throttle plug 74 
V-port 73 
Quick-opening 77 
Single-seated 
regulators Angle type 94 
Straight type 80 
2-in. plug valve 83 


It is probable that the high sound 
level produced by the _ single-seated 
regulators was due largely to extreme 
turbulence in the gas stream down- 
stream from the regulator. Installation 
of an expansion section on the outlet of 
the regulator would relieve this condi- 
tion by lowering the velocity of the gas 
stream. It had been anticipated that 
the single-seated control valve would 
create a lower sound level, but such was 
not the case. 

A test was made also on three 8- 
in. regulators which are connected in 
parallel so that any one of the three 
could be turned on and operated under 
exactly similar conditions. Two of these 
regulators are of the standard bal- 
anced valve type, one with a quick- 
opening inner valve and the other with 
a V-port. The third regulator is a more 
recent model which has no conventional 
diaphragm and valves but uses an ex- 
pansible tube over a slotted steel sleeve 
which replaces both the diaphragm and 
the valve. It was found that the noise 
right at the regulator was lowest for 
the expansible-tube-type regulator, but 
that the sound two or three pipe di- 
ameters downstream was higher for 
the expansible-tube regulator than for 
the regulator with the quick-opening 
type valve. This might be due to the 
type of turbulence set up in the regu- 
lator, as in the single-seat regulator 
test. 

The total noise levels observed for 
the three 8-in. regulators when oper- 
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Fig. 9. Sound-frequency curves for three 8-in. regulators. 


ating under identical conditions are as 
shown in Table III. 
TABLE III—SOUND LEVELS AT 
VARIOUS LOCATIONS 
At 1l2in. 24%n. 
Regu- Down- Down- 
Regulator lator stream stream 


Balanced valve regulator 
V-port valve 98 db 110db 110 db 
Quick-opening 87db 89db 89db 


Expansible-tube type 84db 100 db 99 db 


It should be pointed out that if the 
expansible-tube-type regulator were in- 
stalled in a vault with its outlet close 
to the vault wall, or if the regulator 
were entirely buried, the sound prob- 
lem would be largely overcome. 

The sounds created by these three 
regulators were analyzed and plotted 
(Fig. 9) with normal speech and in- 
dustrial noise areas indicated for com- 
parison. 

As pointed out previously, the fre- 
quency of sound components is as im- 
portant as the total sound level. A 
shrill whistle or screech can be more 
irritating than lower-pitched sound of 
greater intensity. Unfortunately, pres- 
sure-reducing regulators. often cause 
noises with a shrill whistling character- 
istic. 

Objectionable noise conditions at 
pressure-reducing regulator stations 
can be eliminated satisfactorily by one 
of the methods described in this paper. 
The choice of methods must be gov- 
erned by local conditions, cost, and the 
sound level permissible in the vicinity. 
To mask a sound entirely, it should be 
reduced to a level of 10 db below the 
background noise at the listening posi- 
tion, but this is not always necessary. 


Consideration of ‘the noise problem 
when planning new regulator stations 
is becoming essential. Although prompt 
action in eliminating objectionable 
noise conditions is commendable and 
instrumental in furthering good public 
relations, the use of sufficient foresight 
to prevent the unwanted condition from 
occurring is more desirable. Maintain- 
ing satisfactorily low noise levels at 
gas-company installations is fully as 
important as appearance in obtaining 
building permits and zone variances 
when needed. 

Present laws are not definite in limit- 
ing noise, largely because there is no 
established standard as to what con- 
stitutes harmful or objectionable noise. 
Continuation of a policy of preventing 
or eliminating noises that are causes 
for complaint will go a long way in 
making the enactment of restrictive 
noise-abatement laws unnecessary. 
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* Compare the diaphragm as- 
sembly of this valve with that 
of any other wide band propor- 
tional type. Look at it closely... 
study it feature by feature. 


Then check the other features of 


the valve . . . the Duplex Stem 
Guide, the One-Piece Bonnet, the 
Packless Bellows Seal, the Safety 
Stem Lubricator, the wide vari- 
ety of discs, the easy reversibility 
in the field from direct to reverse 
acting, or vice versa. 


Your comparison will prove that 
the Honeywell Series 700 has all 
the features you look for in a fine 
valve. 


It’s available in a wide range of 
styles and sizes. For detailed in- 
formation, write for a copy of 
Bulletin 750 or call in your local 
Honeywell engineer . . . he is as 
near as your phone. 


MINNEAPOLIS-HONEYWELL 
REGULAR Co., Industrial Divi- 
sion, 1908 Windrim Ave., Phila- 
delphia 44, Pa. Offices in more 
than 80 principal cities of the 
United States, Canada and 
throughout the world. 
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Pre-Molded Neoprene Diaphragm, with 
rolling action. Eliminates wrinkling or 
buckling . . . responds to slightest change 
in signal air pressure . . . withstands ex- 
cessive pressures. ..available with cotton 
or nylon reinforcement . . . permits use of 
gas as actuating medium. 
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a des principles and applica- 

moore Products. Co., Hi & 
iycoming Sts., Philadelphia 24, Penna. 
7-889 Process Controllers. 40-page 

1. 5 No. 4 issue of house organ In- 
srumentation” features articles on 
maker's “Tel-O-Set” controllers and in- 
strumentation of sewage plant, power 
company, glass company, refinery, etc. 
~ Minneapolis-Honeywell Regulator Co., 
Industrial Div., Wayne and Windrim 
Aves., Philadelphia 44, Penna. 

T-890 Process Controllers. 28-page 
Vol. 8 No. 3 issue of house organ “Tay- 
Jor Technology” features articles on 
new “Transet Tri-act Controller,” gas- 
dine processing, rubber processing, 
canning instrumentation, averaging liq- 
yid-level controls, and shop facilities 
for testing pressure instruments.—Tay- 
lor Instrument Companies, 95 Ames St., 


Rochester 1, N. Y 
Steam, Water Level, etc. 


7-891 Power Plant Equipment. 12- 
page Bulletin S-196-C illustrates and 
describes maker’s power-plant equip- 
ment, including control valves, pressure 
and temperature master controls, de- 
superheaters, feed-water heaters, sep- 
arators, exhaust heads, valve acces- 
sories, ete.—The Swartwout Co., 18511 
Euclid Ave., Cleveland 12, Ohio. 

T-892 Feed Water Control. 16-page 
Bulletin 105-C, Index A-240, illustrates 
and describes maker’s 3-element (steam 
flow, feed-water flow, water level) air- 
operated feed-water control. Includes 
principles, operation, and list of users. 
—Bailey Meter Co., 1050 Ivanhoe Rd., 
Cleveland 10, Ohio. 

T-893 Liquid-level Controllers. Spec- 
ification Sheet No. 412-2 illustrates and 
describes internal-float and external- 
float cage liquid-level controllers used 
to maintain liquid level in tanks, stills, 
etc. Includes specifications.—Minneap- 
olis-Honeywell Regulator Co., Station 
40, Brown Instruments Div., Wayne 
and Windrim Aves., Philadelphia 44, 
Penna. 

T-894 Liquid-level Gages. 8-page 
Bulletin 176 illustrates and describes 
maker’s “Truscale” remote-reading liq- 
uid-level gages. Includes principles, ac- 
cessories, and specifications.—Jerguson 
Gage & Valve Co., 80 Fellsway, Somer- 
ville 45, Mass. 

T-895 Tank Gages. 4-page Bulletin 
2004 illustrates and describes new tank 
gages for indicating level of any liquid 
in tanks, reservoirs, etc. Includes prin- 
ciple, features, and selection data.— 
Petrometer Corp., One Star Square, 
Long Island City 1, N. Y. 

T-896 Water Treatment. 6-page bro- 
chure and 10-page bulletin illustrate 
and describe “Sola Catalytic Process” 
for preventing scale and rust in indus- 
trial and domestic water supplies. In- 
cludes principles and operation.—Sola 
gg ng Co., 520 Browder St., Dallas 

. Texas. 


Optical 


T-897 Optical Comparators. 36-page 
Catalog 402 illustrates and describes 
maker’s line of optical comparators. 
Includes principle, models, staging fix- 
tures, and charts—Jones & Lamson 
Machine Co., Springfield, Vt. 

T-898 Lenses. 4-page brochure illus- 
trates and describes lenses for all copy 
and process purposes. Includes copy 
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ILLUMINATED DIAL GAGES 
ARE MUCH EASIER TO READ 


___ illuminated dial with black light just like 
airplane or automobile panel instruments 
for better visibility without glare 


____ also available with white light and 
with black or white dials 


ideal for symmetrical panel layouts 
___. dial sizes 44%2”, 6” or 8¥2”—all standard 
pressure ranges 


Write for complete information 








p—HELICOID 


Only Helicoid Pressure Gages 
have the Helicoid Movement 





HELICOID GAGE DIVISION 
AMERICAN: CHAIN & CABLE COMPANY, INC. 


Bridgeport 2, Connecticut 
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For TRUE dynamic air-pressure 
measurements of flutter, buf- 
feting, and gust loads. Auto- 
matic-zero circuit corrects 
for static-temperature and 
pressure variations, gives real 
_ unattended operation. High 
gain with low noise combine 
sensitivity with clean hash- 
free oscillograph records. 





Flush-mounted pressure cells 
in a wide variety of forms and 
dynamic ranges give TRUE 

phase and amplitude meas- 
urements. Insensitive to 
vibration and acceleration. 
Diameters as small as % in. 
Mount as close as 4 in. from 
trailing edge. No error-induc- 
ing connecting tubes or 
instrument volume. Send for 
full information on your 
particular problem. 


hei fe), ile 
ENGINEERING 


ASSOCIATES, LTD. 


1046 Brittan Avenue 
San Carlos, California 
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Optical, Continued 
lenses and optical prisms.—Burke & 
James, Inc., 321 S. Wabash Ave., Chi- 
cago 4, Ill. 

7-899 Locating Microscope. 8-page 
brochure illustrates and describes mak- 
er’s locating microscope for inspection 
of precision parts.—Moore Special Tool 
no Inc., 740 Union Ave., Bridgeport 7, 

onn. 


Chemical Laboratory 


*T-900 Laboratory Apparatus. 16- 
page Bulletin 525 “Apparatus Notes” 
illustrates and describes line of lab- 
oratory apparatus. Includes temper- 
ature control ovens, manometers, stop 
watches, achromatic magnifiers, etc.— 
Andrew Technical Service, 3805 N. 
Clark St., Chicago 13, IIl. 

T-901 Laboratory Instruments. 12- 
page Vol. 8 No. 4 issue of house organ 
“Aminco Laboratory News” features 
reviews of articles and descriptions of 
maker’s laboratory instruments, in- 
eluding particle-size analyzer, high- 
pressure reaction vessels, pH meter, 
optical strain gage, and others.—Amer- 
ican Instrument Co., Inc., 8030 Georgia 
Ave., Silver Spring, Md. 

T-902 Laboratory Equipment. 44- 
page Bulletin 11-K illustrates and de- 
scribes large line of vacuum equipment, 
glass-working machinery, rubber tub- 
ing, blowers, diffusion pumps, leak de- 
tectors, etc., handled by wholesale dis- 
tributor.—Research Vacuum Supply Co., 
= W. Montrose Ave., Chicago 18, 
ll. 

T-903 Laboratory Instruments. 28- 
page Vol. 21 No. 1 issue of house organ 
“The Laboratory” features articles on 
jet research, new portable pH meters, 
oxygen analyzer, CO2 indicator, and 
other laboratory apparatus.—Fisher 
Scientific Co., 717 Forbes St., Pitts- 
burgh 19, Penna. 

T-904 Laboratory Chemicals. 256- 
page Specification Catalog lists com- 
pany’s complete line of “Baker Ana- 
lyzed” reagents (with complete analy- 
sis on label) and other laboratory 
chemicals.—J. T. Baker Chemical Co., 
Dept. 30, Phillipsburg, N. J. 


T-905 Color Slides of Atoms. Bul- 
letin illustrates and describes new set 
of 100 color slides of atoms for lectures, 
etc.—W. M. Welch Mfg. Co., 1515 Sedg- 
wick St., Chicago 10, Ill. 


Chemical Process Analysis 


T-906 pH. 16-page Bulletin 430-1 il- 
lustrates and describes maker’s “Dyna- 
log” instruments for indicating, record- 
ing, and controlling pH. Includes prin- 
ciples of electrometric measurement of 
pH and electrodes.—The Foxboro Co., 
Foxboro, Mass. 

T-907 pH and Spectrophotometers. 
16-page Bulletin 300 illustrates and 
describes maker’s line of scientific and 
industrial instruments, including pH 
meters, spectrophotometers (visible, ul- 
traviolet, and infrared), colorimeters, 
micro-microammeter, and radioactivity 
instruments.—Beckman Instruments 


Inc., 820 Mission St., S. Pasadena, 
Calif. 
T-908 Combustible-gas Analyzer. 4- 


page instrumentation Data Sheet 10.15- 
4a illustrates and describes new com- 
bustible-gas analysis equipment which 
use hot wire or catalytic filament ana- 


lyzer and “Brown Electronik” : 
ometer. Includes principe are 
tures.—Minneapolis-Honeywell Rewels 
tor Co., Brown Instruments Di q 
Station 40, Wayne and Windrim A, v0 
Philadelphia 44, Penna. vs, 
T-909 Combustible-gas 
page Bulletins 11-86 and iene 
lustrate and describe maker’s precision 
combustible-gas alarm systems indi. 
cating or recording. Includes pringi Ie 
of operation and features.—Dayis ‘ 
struments, 47 Halleck St., Newark, N 7 
T-910 Gas Analyzer and Alarm 10. 
page brochure illustrates and describes 
maker’s “GP Blast Furnace Gas ve 
lyzer and Alarm.” Includes princi ls 
and operation.—General Power Plant 
ree 381 Fourth Ave., New York 16 


T-911 Continuous Gas Ana 
page bulletin illustrates and deat 
new gas analyzer for continuous plant- 
stream service. Includes features and 
applications for ethylene, CO, CO. 
water vapor, etc.—Baird Associates, 
Inc., Cambridge 38, Mass. , 


T-912 Oxygen Combustion Bombs 
8-page Summer 1951 issue of house 
organ, “Parr Instrument News” jllys- 
trates and describes new oxygen com- 
bustion bombs for micro analyses, test- 
ing explosives, and high-precision cal- 
orimetry. Includes accessories—Parr 
Instrument Co., Moline, IIl. 

T-913 Infrared Spectrometer, 2- 
page Instrumentation Data Sheet 10,16- 
4a describes theory and operating fea- 
tures of “Perkin-Elmer” mobile infra- 
red spectrometer provided with high- 
speed “Brown ElectroniK” recorder. — 
Minneapolis-Honeywell Regulator Co. 
Brown Instruments Div., Station 40, 
Wayne and Windrim Aves., Philadel- 
phia 44, Penna. 


T-914 Oxygen Recorder. 12- 
Bulletin 151-A illustrates and desma: 
maker’s recorder which uses catalytic. 
combustion principle to record per- 
centage of oxygen in gaseous mixture. 
maga yy apy and operation.— 

alley Meter Co., 1050 Iv 
Cleveland 10, Ohio. —o 


T-915 Viscometers. 8-page Bulletin 
V-1000C illustrates and Gaeriiaa a 
ers viscometers for recording or con- 
trolling of viscosity in industrial plants. 
Includes principles and operation— 
Norcross Corp., 247 Newtonville Ave., 
Newton 58, Mass. 


T-916 Colorimeter. 20-page Bulletin 
420 illustrates and dunctiiieg maker’s 
Lumetron Photoelectric Colorimeter 
Model 402-E” for absorption, nephel- 
ometry, and fluorimetry measurements. 
Includes principles, features, compo- 
nents, and operation.—Photovolt Corp., 
95 Madison Ave., New York 16, N ¥ 


T-917 Refractometers, Spectro- 
scopes, and Balances. 2-page bulletins 
illustrate and describe (1) industrial 
and dipping refractometers, (2) hand 
and grating spectroscopes, and (8) di- 
rect-reading “Sartorius” analytical bal- 
ances.—C. A. Brinkmann & Co., 261 
Great Neck Rd., Great Neck, L.L, N. Y. 


"’ 


Electrical and Electronic 
Instruments 


T-918 Electronic Instruments. 46- 
page catalog illustrates and describes 
maker’s line of electronic instruments, 
including oscillators, power amplifier, 
d-c. amplifier, “transducifier” for strain- 
gage tests, voltmeter, recording oscil- 
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ance meter, og 

iometer, and seismographic in- 
potetints.—Southwéstern Industrial 
Blectronics Co., Inc., 2831 Post Oak 
Rd., P.O. Box 13058, Houston 19, Texas. 

7-919 Low-frequency Oscillator. 
Data sheet gives specifications of mak- 
er’s “Model L” low-frequency oscilla- 
tor. Includes dynamic characteristics 
and circuit features.—Southwestern In- 
dustrial Electronics Co., 2881 Post Oak 
Rd., P.O. Box 13058, Houston 19, Texas. 

7-920 Oscillograph Recorder. 1-page 
bulletin illustrates and describes mak- 
er’s 12-channel portable oscillograph 
recorder.—Heiland Research Corp., 130 
E. 5th Ave., Denver, Colo. 

7-921 Precision Potentiometers. 16- 
page Catalog EH22(2) illustrates and 
describes the principles and design of 
“Wenner” potentiometers for precise 
measurement of small d-c. potentials. 
Includes low-range instrument for 
thermocouple-voltage measurement and 
high-range standardizing potentiometer. 
—Leeds & Northrup Co., 4934 Stenton 
Ave., Philadelphia 44, Penna. 

7-922 Impedance Bridge. 4-page 
prochure illustrates and describes mak- 
er’s “Model 250-C” universal impedance 
bridge for measurement of resistance, 
capacitance, inductance, and Q. Includes 
principles and specifications.—Brown 
Electro-Measurement Corp., 4635 S. E. 
Hawthorne’ Blvd., Portland 15, Ore. 

T-923 Analog Computer. 4-page 
“Laboratory Report 3” features ar- 
ticle on new analog computer and pro- 
duction test of linearity of potentiom- 
eter!--Technology Instrument Corp., 
531 Main St., Acton, Mass. 

T-924 Daylight Illuminometer. 2- 
page Folder ND46-72(1) illustrates and 
describes maker’s “Speedomax” illum- 
jinometer for weather observation, ex- 
posure testing, etc. Includes compo- 
nents and specifications.—Leeds & 
Northrup Co., 4907 Stenton Ave., Phil- 
adelphia 44, Penna. 

T-925 Ultrasonic Testing. 8-page 
Bulletin 50-115 illustrates and describes 
commercial ultrasonic testing and in- 
spection service offered by maker of 
“Reflectoscope” and ‘“Reflectogage.”— 
Sperry Products, Inc., Danbury, Conn. 

T-926 High-current Supply. 2-page 
Bulletin C-1003-351 illustrates and de- 
scribes maker’s “Multi-Amp” portable 
high-current test units for relays, 
breakers, etc. Includes features and 
models.—Multi-Amp Corp., 121 Cross 
St., Harrison, N. J. 

T-927 Dynamometers. 4-page Vol. 
18 No. 8 issue of house organ “Elec- 
trical Measurements” discusses dyna- 
mometer-type current-product instru- 
ments and dynamometer principles.— 
Sensitive Research Instrument Corp., 
9-11 Elm Ave., Mt. Vernon, N. Y. 
T-928 Winding-insulation Tester. 4- 
page Bulletin GEC-794 illustrates and 
describes maker’s d-c. winding-insula- 
tion tester for testing armatures, field 
coils, stator coils, etc. Includes com- 
ponents, operation, and specifications. 
ata Electric Co., Schenectady, 


lograph, resist 


T-929 Magnetic Amplifiers. 4-page 
brochure illustrates and describes mak- 
er’s line of packaged magnetic ampli- 
fiers, single and push-pull. Includes 
specifications and connections.—Mag- 
netic Amplifiers, Inc., 11-54 44th Dr., 
Long Island City 1, N. Y. 

T-930 Radiation Counters. 2-page 
brochure illustrates and describes 
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Whatever type of dial your in- 
strument requires — self-lumi- 
nous, fluorescent, phosphores- 
cent or nonluminescent — U. 8. 
Radium Corporation can supply 
it in the design and quantity 
you want, with the accuracy and 
quality you want, at a cost that 
will please you. 

We have produced millions of 
dials and are applying precise 
markings with big-volume pro- 
duction methods that keep costs 
down. 


“CUSTOM-MADE” 
ACCURACY 


at mass-production 
cost! 


To find out how our dial experience can benefit your instruments — 
with better dial design, or lower cost, or both — write Dept. I11, 
U.S. Radium Corp., 535 Pearl Street, New York 7, N. Y. 


Other Products of U. S$. Radium 


LUMINOUS RETICLES 
and other specialties 
POWDERS: 
cathode-ray tube and television tube 


SILHOUETTE ILLUMINATION 
of clocks, watches and instruments 


RADIOACTIVE FOILS 
(alpha-ray ionization sources) 


IONOTRON STATIC ELIMINATORS 


RADIUM LOCATORS: 


pendants, lenses, buttons, screws, markers 
UNITED STATES RADIUM 


CORPORATION 
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ability, to: 


8100 Florissant e 
LEADERS IN THE ELECTRICAL 








IA! * 


Development Engineers 
for Electronic Aircraft Armament 


ELECTRONIC INSTRUMENTATION e ELECTRONIC COMPONENTS e 
SERVOMECHANISMS e RADAR e ELECTRONIC PACKAGING e 
EXPERIENCED AIRCRAFT DESIGN DRAFTSMEN e 
CALIBRATION AND TESTING ENGINEERS FOR PRODUCTION 

Most job openings range from recent graduates to Engineers 
with years of experience. Attractive employee benefits include group 
insurance and pension plans; paid holidays and vacations. 


Send complete resume, listing salary requirements and avail- 


Technical Employment Supervisor, Station "483-W" 


THE EMERSON ELECTRIC MFG. CO. 


St. Louis 21, Missouri 


INDUSTRY SINCE 1890 
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“the ‘bible’ of 


flow measurement” 





“PRINCIPLES AND 

PRACTICE OF FLOW 

METER ENGINEERING" 
by L. K. Spink 


New, greatly enlarged seventh 
edition of the book which, for 
over twenty years, has been 
used throughout the civilized 
world as the standard compre- 
hensive text on flow measure- 
ment. Contains much new ~ 
reference and instructional 
material. 418 pages. 


$7.00 postpaid 



















Send check, money order, or purchase 
requisition to 


THE FOXBORO COMPANY 
Foxboro, Massachusetts, U.S.A. 
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ENGINEERS 


INTERESTING OPPORTUNITIES 
FOR 
SENIOR ENGINEERS 
Experienced on any of the 
following: 


Recorders 
Potentiometers 
Pressure & Temperature 


Sensing Instruments 
e 


Salary commensurate with 
experience and ability. 


Send resume of 
experience to 


G. M. GIANNINI & CO., INC. 


254 W. Colorado St., Pasadena 1, Calif. 


e ~~ e 
Mi 








NEW LITERATURE 


————, 


Electrical & Electronic Instrument: 
Continued : 





maker’s radiation counters and ; 
Includes high-temperature Geir 
Muller counter and other counters for 
solid, liquid, and gas samples—pR,. 
diation Counter Laboratories, Ing 
1844 W. 21 St., Chicago 8, Ill, i 

T-931 Film-badge Service. Bulletin 
102 describes new service which pro. 
vides weekly radiation-sensitive film 
badges (wrist or ring mounted) and 
processing service.—Technical Agso¢j. 
ates, 140 W. Providencia Ave, Byy. 
bank, Calif. 

T-932 Telemetering System. 4-page 
Instrumentation Data Sheet 9.1-10 jj. 
lustrates and describes telemetering 
system which uses “General Electric 
Telemeter Transmitter” and “Brown 
Electronik” recorder. Includes princi. 
ples and operation.—Minneapolis Hon. 
eywell Regulator Co., Brown Instrp. 
ments Div., Station 40, Wayne and 
Windrim Aves., Philadelphia 44, Pa, 

T-933 Carrier Telephone System. 
4-page Form 32E-P4 illustrates and 
describes maker’s 3- or 4-channel sin- 
gle-sideband suppressed-carrier tele. 
phone system for open-wire lines— 
Lenkurt Electric Co., County Road, 
San Carlos, Calif. 

T-934 Multichannel Communica- 
tion System. 4-page Form 33B-P de- 
scribes single-sideband suppressed-car- 
rier 12-channel communication system 
designed for channelizing _point-to- 
point radio communication links. In- 
cludes block diagrams and _ specifica- 
tions.—Lenkurt Electric Co., San Car- 
los, Calif. 

T-935 Color Television. 40-page 
Color Television Notebook Vol. 2 il 
lustrates and describes CBS color re. 
ceiver circuits. Price is $1.00.—Paul 
H. Wendel Publishing Co., Inc., P.0. 
Box 1321, Indianapolis 6, Ind. 


Electrical and Electronic 
Components 


T-936 Electronic Components and 
Equipment. 28-page Catalog 1-51 il- 
lustrates and describes maker’s large 
line of electronic components and in- 
struments, including capacitors, trans- 
formers, terminal boards, resistors, 
relays, vacuum and gas tubes, mate- 
rials, pilot lights, ete.—General Elec- 
tric Co., Schenectady 5, N. Y. 

T-937 Electronic Components and 
Instruments. 192-page Catalog 52 il- 
lustrates and describes line of 15,000 
electronic components and test instru- 
ments handled by distributor—Radio 
Shack Corp., 167 Washington St., Bos- 
ton 8, Mass. 

T-938 Electronic Components and 
Instruments. 212-page 1952 Catalog 
No. 127 illustrates and describes large 
line of electronic components and it 
struments handled by distributor— 
Allied Radio Corp., 833 W. Jackson 
Blvd., Chicago 7, Ill. 

T-939 Electronic Components. 16- 
page brochure illustrates and describes 
manufacturer’s facilities for produc: 
tion of electronic components such 
capacitors, transformers, r-f. tuners, 
etc.—Edwin I. Guthman & Co., 158 
Throop St., Chicago 7, IIl. 

T-940 Industrial Electronic Tubes. 
28-page catalog lists, illustrates, and 
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: line of industrial tubes 
describes, art stributor. Includes Plio- 
08 Kenotrons, phototubes, Thyra- 

ns, Ignitrons, Phanotrons, rectifiers, 
i Milo Radio and Electronics Corp., 
300 Greenwich St., New York 7, N. Y. 
| 7-941 Miniature Power Resistors. 
o-page Bulletin R-11 illustrates and 
describes “Dalohm” 25-watt miniature 
cision resistors. Includes features 
m specifications. —Dale Products, 
In, Columbus, Nebr. 

7-942 Capacitors. 16-page Vol. 16 
No. 9 issue of house organ “The CD 
Capacitor” features description of 
bridge-type distortion meter and mak- 
er’s capacitors.—Cornell-Dubilier Elec- 
trie Corp., Hamilton Blvd., S. Plain- 
field, N. J. 

7-943 Potentiometer-rheostats. 42- 
page catalog illustrates and describes 
maker’s line of precision potentiom- 
eter-rheostats. Includes — theoretical 
and actual characteristics, specifica- 
tins, and index of characteristics.— 
The Helipot Corp., 916 Meridian Ave., 
§, Pasadena, Calif. 

7-944 Switches. 4-page brochure 
illustrates and describes maker’s 
standard line of switches. Includes 
mechanical and electrical characteris- 
tics The Daven Co., 191 Central 
Ave, Newark 4, N. J. 

7-945 Switches. 2-page Vol. 7 No. 
9 issue of house organ “Uses Unlim- 
ited” features descriptions of mag- 
netic-blowout d-c. switches and_ sub- 
miniature switch assemblies.—Micro 
Switch, Div. of Minneapolis-Honeywell 
Regulator Co., Freeport, Ill. 

T-946 Switches. 2-page Catalog S 
10 illustrates and describes maker’s 
“Type JA” rotary multi-deck selector 
switches. Includes specifications.— 
United States Instrument Corp., Sum- 
mit, N. J. 

T-947 D-C. Switches. 4-page bro- 
chure illustrates and describes new 
magnetic-blowout switches for high- 
voltage d-c. circuits. Includes specifi- 
cations—Micro Switch, Div. of Min- 
neapolissHoneywell Regulator Co., 
Freeport, Ill. 


T-948 Cables and Connectors. 4- 
page Vol. 4 No. 7 issue of house organ 
“Engineering News” features articles 
on connectors, induction voltage regu- 
lators, and nonlinear potentiometers. 
—American Phenolic Corp., 1830 S. 
54th Ave., Chicago 50, Ill. 

T-949 Terminal Blocks. 12-page 
catalog illustrates and describes mak- 
er’s large line of screw-type barrier 
termina] blocks. Includes specifica- 
tions and prices—Kulka Electric Mfg. 
Co. Inc., 688 S. Fulton Ave., Mt. Ver- 
non, N. Y. 


T-950 Linear Transducers. Engi- 
neering Data Sheets illustrate and 
describe maker’s “Atcotran” differen- 
tial transformers “Class 6204” and 
‘Class 6205.” Includes features, elec- 
trical data, and wiring diagram.—Au- 
tomatic Temperature Control Co., Inc., 
Fe Pulaski Ave., Philadelphia 44, 
enna. 


T-951 Brazing and Soldering Pot. 
l-page bulletin illustrates and de- 





scribes maker’s new “Hi-Temp” dip- 
ping pot for silver-solder dipping, 50- 
50 lead solder, and all high-temper- 


uners, § ture dipping.—Tartak-Stolle Elec- 
15 §.§ ‘Tonics, Inc., 3970 S. Grand Ave., Los 


Angeles 37, Calif. 


T-952 Test Panel. 4-page Vol. 8 


, anit No. 4 issue of house organ “The Con- 














ELECTRONIC INSTRUMENTATION 


fer LABORATORY oz PRODUCTION LINE! 


DECIMAL COUNTING UNIT, MODEL 700 is a direct reading electronic 
counter capable of operating at speeds up to 30,000 counts per second. 
Digits from 0 to 9 are presented on illuminated front panel. Electrical 
reset to zero. Plug-in octal mounting for easy interchangeability. The 
counter operates on input pulse of 100 volt neg. with 2 microsec. max. 
rise time. Output will drive following unit in cascade. Dimensions 
196"x5"x 514”, Wt. 12 oz. Other models toa million counts per second. 











ELECTRONIC COUNTER, MODEL 10 was developed to meet the 
need for a rugged industrial counter operating at speeds up 
to 6000 counts per minute. Total count is displayed on the 
Decimal Counting Unit and the mechanical register to a maxi- 
mum capacity of 9,999,999. Unit may be operated from closing 
contacts, photocell, or any means that will supply a positive 
potential of at least 3 volts. All circuitry moisture and fungus 
proofed. Unit is available in a variety of vapor-proof and 
explosion-proof housings to meet individual requirements. 
Dimensions 61/4,” x 714,” x 614”. Weight approximately 6 lbs. 





PRESET COUNTER consists of a series of scale-of-10 
electronic counting units each in parallel with a 10- 
position push-button switch. This instrument accepts 
counts in the conventional manner at rates up to 
10,000 cps. Any number from 0 to maximum capa- 
city may be preset merely by depressing appropriate 
push-button in each column. Upon reaching the pre- 
set count, the unit supplies an output pulse to drive 
a register, close a gate, divert a production line or perform any other desired function, 
It then resets to 0 and recycles automatically. Available in any desired capacity. 





EVENTS PER UNIT TIME METER, MODEL 554 will 
automatically count and display the number of events 
that occur during a precise one second interval at 
ratés up to 100,000 events per second. Accuracy is + 
one event. Will operate either manually or auto- 
matically to count any mechanical, electrical, or 
optical occurrences, regularly or randomly spaced, 
that can be converted into changing voltages. Instru- 
ment counts for one second and displays the results 
on illuminated five-digit panel. Will recycle continuously on automatic operation. 
Convenient test switch permits 2 second self-check of entire unit. Dimensions 203/4,” 
x 1014.” x 15”. Weight approximately 68 Ibs. 





TIME INTERVAL METER, MODEL 510 provides a 
direct reading of elapsed time between any two 
events in the range of 0.000010 to 1.00000 sec- 
onds. Accuracy is + 10 microseconds. Any oc- 
currences that can be translated into changing 
voltages may be so timed. Timing may be started 
and stopped by independent voltages, the polar- 
ity of which may be selected by means of toggle 
switches. Sensitivity control permits selection of 
the amplitude of start or stop voltages at optimum level for elimination of interfer- 
ence. Dimensions 2034,” x 101” x 15”. Weight approximately 58 Ibs. 





SINGLE/DOUBLE PULSE GENERATOR MODEL 903 is a 
general purpose laboratory instrument that supplies \ 
either single or paired pulses individually variable in NN 
amplitude, width and polarity. Pulse spacing is contin- ~ 
uously variable from 0 to 10 microseconds, pulse width =| 
from 0.10 to 1.6 microseconds and pulse amplitude 
from 200 volts maximum negative and 50 volts maxi- 
mum positive for 1000 ohm load, and 10 volts maxi- 
mum negative and 50 volts maximum positive for 50 
ohm load. Single or double pulses are available through separate panel connectors. 
Repetition rate internally controlled 1 to 1000 cps. Push-button control single cycle. 
External signal control for any rate up to 1000 cps. 





These are basic descriptions of representative standard instruments. 
A variety of modifications, both standard and special, are available 
to meet specific requirements. For complete details write Dep’t. 1. 


2200 WRIGHT AVE. * RICHMOND, CALIF. 
A NATIONAL ORGANIZATION 
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Compresiel 


—for Operating Instruments! 











Model B-30 
HANKISON 


ondensifilter 


For maximum protection of air-operated 
instruments against oil, water, sludge 
and foreign materials, the New Hankison 
Model B-30 Condensifilter features a 
déhydrating device—a mechanical filter 
—and a self-purging trap in a single 
compact unit. Only 15” high and 9” in 
diameter, this unit will clean and dry 
compressed air at the rate of 30 c.f.m. 
at 100 psi. Larger models available for 
greater capacities. 

To add long life and trouble-free serv- 
ice to your air-operated instruments— 
specify B-30 Condensifilters for your 
requirements. 


Write today for Bulletin B-30. 


HANKISON Corporation 


291 Renton Bidg., 1501 Beaver Ave. 
Pittsburgh 33, Pa. 





GREEN 
ENGRAVER 
Proved Profitable — 
Radio, 


and WATER TESTS 


thew snsthiny le 


recom, ewes woreee __ NOMTADING 


The Green Engraver is tops for low-cost per- 

formance—zips out precision work on metal, GLASS COLOR STAN DARDS 
plastics or wood . . . cuts four lines of letters | 

from th a a. on curved or = surfaces | , 

. - operates by tracing . .. makes anyone ° ope ° 

an expert .. . engraves panels, name plates, | Permanent reliability of Hellige Glass 
scales, dials, molds, lenses and instruments. 

(Also widely used for routing, profiling, and | Color Standards and accuracy of 
Cree Gimensionel modeling.) Electric etching fresed comparison are exclusive 
attachment available. features of Hellige Comparat 
Special attachments and engineering service § ee 
available for production work. 


FREE—Fact-packed folder. Send for yours, 


today. | 
GREEN INSTRUMENT CO. od a [ . | G E 
Wa |e 


3718 NORTHERN BLVD., LONG ISLAND CITY 1, N.Y. 
Page 1372—Instruments—Vol. 24 






Machine Tool, Electrical 


and Instrument Mfrs., Sales Pro- 
motion and Advertising. 


Write for NEW Catalog No. 600-10 








NEW LITERATURE 


necting Link” features artic] 

: s es i 
craft simulator and _ test panel ie 
components.—Link Aviation 
Binghampton, N. Y. er 





Valves, Piping, ete, 


T-953 Diaphragm-motor Valves, 9. 
page Specification Sheet 408-2 illus. 
trates and describes maker’s “Series 
700-LF” air-operated diaphragm-motor 
valves for wide-band proportional con- 
trol of small flows. Includes specifics. 
tions and applications.—Minneapolis. 
Honeywell Regulator Co., Industria] 
Div., Station 40, Wayne and Windrim 
Aves., Philadelphia 44, Penna, 

T-954 Diaphragm-motor Valves, 9. 
page Specification Sheet 419-1 illys. 
trates and describes maker’s “Series 
100” air-operated diaphragm motor 
valves for narrow-band proportional 
control. Includes specifications and ap- 
plications.—M inneapolis-Honeywell 
Regulator Co., Industrial Div., Station 
40, Wayne and Windrim Aves., Phila- 
delphia 44, Penna. 

T-955 Valve Actuators. 4-page Bul- 
letin 512 illustrates and describes mak- 
er’s. power-cylinder-type valve actua- 
tors for all type valves. Includes prin- 
ciples, operation, and capacities.—Le- 
deen Mfg. Co., 1600 So. San Pedro St., 
Los Angeles 15, Calif. 

T-956 Pneumatic Throttling Valve 
Positioner. 8-page Bulletin C-1 illus. 
trates and describes new “Rotomotor” 
pneumatic heavy-duty  gear-driven 
valve positioner for throttling service. 
Includes features and operation—Con- 
oflow Corp., 2100 Arch St., Philadel- 
phia 3, Penna. 

T-957 Miniature Valves and Con- 


trollers. 4-page bulletin illustrates and ' 


describes maker’s miniature dia- 
phragm-motor valves, positioners, lev- 
el controllers, etc., for pilot plants and 
research laboratories.—Research Con- 
trol Instrument Co., 8211 E. 7th St, 
Tulsa, Okla. 

T-958 Magnetic Gas Valve. 4-page 
folder Form 601.201 illustrates and de- 
scribes maker’s “K-3H Magnetic Gas 
Valve.” Includes features.—General 
Controls, Chicago 5, Il. 

T-959 Gate Valve. 4-page Bulletin 
535 illustrates and describes maker's 
new 75-psi. gate valve with aluminum 
body for fuel and oil systems.—The 
Parker Appliance Co., 17325 Euclid 
Ave., Cleveland 12, Ohio. 

T-960 Tank Cleanout Valve. 6-page 
Bulletin 4000-1515 illustrates and de- 
scribes maker’s safety cleanout valve 
for tanks with volatile quia 
depth Indicators, Inc., One Star Sq, 
Long Island City 1, N. Y. 

T-961 Safety Valves. 16-page Bul- 
letin 851 “Sizing Safety Valves for 
Pressure Reducing Regulators” has 
charts for selecting valves. Includes 
description of maker’s line of safety 
relief valves——Marine .and Industrial 
Products Co., 3731-35 Filbert St., Phil- 
adelphia 4, Penna. 

T-962 Hydraulic Valves. 28-page 
Catalog 203 illustrates and describes 
maker’s line of 138 models of hydraulic 
valves, including 4-way valves, oil pilot 
valves, hydraulic sequence valves, ete 
—Rivett Lathe & Grinder, Inc., Brigh- 
ton 35, Boston, Mass. 

T-963 High-pressure Reducer. 2 
page Supplement to Catalog E-145 
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Hide reead Co., Industrial Sales Div., 


Cleveland 8, Ohio. 
Inspection and Testing 


K Universal Tester. 4-page Bul- 
ro illustrates and describes mak- 


Ps ¥ it-low-range universal tester 
for elongation and compression tests, 


es features and operation. 
, Aeon & Co., Inc., 1421 S. Circle 
Ave., Forest Park, Il. 

T-965 Tensile-strength Tester. 1- 
page Circular 129 illustrates and de- 
sribes “Type 274” horizontal-model 
motor-driven pendulum-principle ten- 
sile-strength tester—Amthor Testing 
Instrument Co., Inc., 45 Van Sinderen 
Ave., Brooklyn 7, N. 

7-966 Surface Analysis. 8-page 
folder “Surface Evaluation by Faxfilm” 
illustrates and describes “Faxfilm” 
process which employs a plastic to 
show surface conditions of material 
of any shape—The Brush Develop- 
ment Co., Instrument Div. 33, 3405 
Perkins Ave., Cleveland 14, Ohio. 

T-967 Depth Gage. 1-page bulletin 
illustrates and describes maker’s “Uni- 
versal Depth Gage Model DG-56-R-1,” 
including features.—Saart, Kraemer & 
Hanscom, Inc., 1 Washington Ave., 
Providence, R. I 


Miscellaneous 


T-968 Industrial Lubricant. 8-page 
Bulletin 98 presents case histories de- 
scribing use of “Molykote” lubricant 
for dies, threads, instruments, etc.— 
The Alpha Corp., 179 Hamilton Ave., 
Greenwich, Conn. 
T-969 Fexible 


Controls. 12-page 


| booklet illustrates and describes mak- 


er’s “Tru-Lay Flexible Push-Pull Con- 
trols,” which use flexible shaft for 
transferring push-pull motions. In- 
cludes features and models.—American 
Chain & Cable Co., Inc., Automotive 
& Aircraft Div., 601 Stephenson Bldg., 
Detroit 2, Mich. 

T-970 Remote Controls. 4-page Bul- 
letin 20-106 illustrates and describes 
maker’s hydraulic self-contained re- 
mote controls which replace cables, 
pulleys, etc—Sperry Products, Inc., 
Danbury, Conn. 
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A supply of these cards 

for the asking 
Is your copy of Instruments routed 
to several people? 
Does your Company Librarian for- 
bid mutilating tech mags? 
Or do you yourself wish to pre- 
serve your own copies intact? 
Just drop us @ postal card asking 
for Inquiry Cards and we'll 
send you twelve! Do it NOW. 


\ / 








T-971 Electroplating Rectifier. 1- 
page bulletin illustrates and describes 
Mellaphone Style RA” convection- 
cooled electroplating rectifier. Includes 
features and types.—Electronic Recti- 
7 ny Inc., Rochester 2, N. Y. 

972 Engraver. 2-page bulletin il- 
lustrates and Seneribea portable “Mod- 
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It is considered impossible to distinguish a 


material recorded and played-back on the 
new Ampex Professional Tape Recorder 
from the original performance. This fine 
recorder, powered by 3 Bodine Motors, 
was recently judged one of the five out- 
standing designs of the year in the 12th 
Annual Product Design Competition con- 
ducted by Electrical Manufacturing mag- 
azine. 

Of interest to users of small motors is 
the fact that all of the award winning 
products, for the last 3 years, that were 
powered by fractional horsepower motors, 
within the size range (1/2000 to 1/6 H.P) 
offered by Bodine...used Bodine Motors! 

“Bodine motors have proved to be the 
most reliable used in our equipment;’ re- 
lates the Ampex Electric Corp., “and they 
create less field problems under continuous 
duty. The caliber of workmanship in the 
motors has provided us with smooth run- 
ning motors that have been extremely 
trouble-free in production: 


Bodine Electric Co., 2244 W. Ohio St., Chicago 12, lil. 
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THE POWER BEHIND THE LEADING PRODUCTS 


























FOR MEASURING TANK 
CONTENTS ANY DISTANCE AWAY 
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this issue (Write page number and name of company) 
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NEW LITERATURE 





Miscellaneous Continued 


INSTRUMENTATION a 14 ngewe” Sl 


25-in. panels. Includes specificati 
New Hermes, Inc., 13-19 Univers 
ENGINEERS Pl., New York 3, N. Y. 
T-973 Metal Housings. 28- 
alog No. 48 illustrates and ae 
a . maker’s large line of cabinets, chassis, 
for Design & Consulting Work panels, and racks for electronic equi 
. Ape ment.—Par-Metal Products Corp,, 3 
in Wilmington, Delaware 62 49th St., Long Island City 3 N.Y 





— 


and Calendar of Events | 


Nov. 26-Dec. 6 
lA 23rd Exposition of Chemical Industries, 
Grand Central Palace, New York, N. Y, 
C. F. Foth, Mgr., International Exposition Co., 


Grand Central Palace, New York 17, 


. . « for Installation, Repair and Calibration work Nov. 28-30, 1951 
Scientific Apparatus Maker’s Association. 


on the Savannah River Project, located in South Midyear Meeting, Laboratory Apparatus, Optical, 
4 Nautical, Aeronautical, Military Instruments Sec. 
Carolina. tions. 

Hotel New Yorker, New York, N. Y. 


a Nov. 28-30, 1951 

For Information Society for Experimental Stress Analysis, 
Annual Meeting & Exhibits. 

Please Write Bellevue Stratford Hotel, Philadelphia. 
Symposium subject: Education and Training for 
Experimental Analysis. 


E. |. du Pont de Nemours & Co., Inc. Dee. 4, 1082 


Society for Applied Spectroscopy. 

4 +4 4 * Regular meeting, 8 P.M., Socony Vacuum Train- 
Personnel Section, Engineering Dept. ing Center, 63 Park Row, New York City. 
For information write C. A. Jedlicka, Sec., ¢/o 
WILMINGTON, DELAWARE Lucius Pitkin, Inc., 47 Fulton St., New York 


City. 


Dec. 6-7, 1951 

AIEE Committee on Feedback Control Systems, 
Conference on Feedback Control. 

Scientists and engineers from various universities 
and industrial organizations will be on the pro 
gram. 

Chalfant-Haddon Hall Hotel, Atlantic City, N. J. 








trical Engineering grad- INSTRUMENT DEVELOPMENT 
—_ e 3 6 era ENGINEER POSITION OPEN. Dec. 10-12 , 
uate, with experience, and QUALIFICATIONS AS FOL- Joint AIEE-IRE Computer Conference. 


LOWS: Conference agenda is to emphasize useful results 
; 317 ; " ; obtainable from present large-scale digital com- 
with ability to devise con 1. Thorough knowledge of pres- puters. ! 
trols for water conditioning sure actuated mechanical in- Benjamin Franklin Hotel, Philadelphia, Dee. 10 


: vices. and 12. Edison Bldg., Phila., Dec. 11. 
struments and allied de ” For information write Raymond C. Mayer As- 


processes. Permanent posi- . At least two years design ex- sociates, 9 Rockefeller Plaza, New York City. 
tion location New York perience on pneumatic control- Dec. 27-30, 1951 
L . ers. American Microscopical Society Meeting. 
City. . Education of, or equivalent to, Benjamin Franklin Hotel, Philadelphia. 
graduate mechanical engineer For information write to Frank E. Eggleton, 
Th P > C . Sec., c/o Dep’t of Zoology, University of Michi- 
e Fermutit Company gan, Ann Arbor, Mich. 
MANNING, MAXWELL & MOORE, INC. 
330 West 42nd Street seo Test Main Bérect 


New York 18, N. Y. Stratford, Connecticut 
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Plants at Cleveland, Ohio; 
Angola and Columbia City, 
Indiana; and St. Thomas, Ontario 
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Wanted 
ENGINEERS and SCIENTISTS 


Unusual opportunities for outstanding and 
experienced men. 

These top positions involve preliminary and production 
design in advanced military aircraft and special weapons, in- 
cluding guided missiles. 

Immediate positions include: 
Electronic project engineers 
Electronic instrumentation engineers 
Radar engineers 
Flight test engineers 
Stress engineers 
Aero- and thermodynamicists 
Servo-mechanists 
Power plant installation designers 
Structural designers 
Electro-mechanical designers 
Electrical installation designers 


Excellent location in Southern California. Gener- 
ous allowance for travel expenses. 

Write today for complete information on these 
essential, long-term positions. Please include resume 
of your experience & training. Address inquiry to 
Director of Engineering, 


NORTHROP AIRCRAFT, Inc. 


1017 E. Broadway 
Hawthorne (Los Angeles County) Cal. 














ELECTRICAL, 


ELECTRONIC ENGINEER 
or 


PHYSICIST 


For Flight Research Department 
Instrumentation work involving 
design and test of data 
measuring circuits and 
servo systems. 


Interested persons should write 
including information on 
education and experience. 
All replies will be kept 
in strict confidence. 


EMPLOYMENT MANAGER 


CORNELL AERONAUTICAL LABORATORY, 
INC. 


4455 Genesee Street Buffalo 21, N. Y. 
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